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ABSTRACT
Weeds which occur in crop ecosystems may cause suppressive or 
stimulating effects on arthropod abundance. Yet, little is known 
about the weed-insect interactions in Louisiana soybean. A 
three-part study was conducted from 1980-1983 to measure the 
abundance of arthropods in soybean, Glycine max Merr., as affected 
by the presence of absence of various weeds.
A survey of arthropod abundance was conducted in commercial 
soybean fields which were either weedy or weed-free in central and 
south central Louisiana during 1980. Weedy fields had greater 
abundance of spiders, Geocoris punctipes (Say), and Lebia analis 
Dejean. Late instar green cloverworm, Anticarsia gemmatalis Hubner, 
were higher in clean fields. In 1981-1982 herbicides were used 
in field plots to manipulate weed populations and again predators 
were most numerous in weedy plots. The effect that weed species had 
on soybean looper, Pseudoplusia includens (Walker), and velvetbean 
caterpillar (VBC) abundance was not always consistent, but data 
indicated that an interrelationship existed between weeds, VBC, and 
soybean looper (SBL) populations.
The relationship between SBL moths to 5 different nectar 
producing plants was investigated in greenhouse experiments 
conducted in 1981. Exposure of moths to cotton resulted in greatest 
egg production. In field cage experiments in 1982, fecundity of 
both SBL and VBC demonstrated significant increases (P<0.05) when 
exposed to soybean containing weeds. SBL moths had a mean of 163.3
v iii
conducted in 1981. Exposure of moths to cotton resulted in greatest 
egg production. In field cage experiments in 1982, fecundity of 
both SBL and VBC demonstrated significant increases (P
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Chapter I 
Literature Review 
Introduction
A vast monoculture of soybean, Glycine max Merr., has developed 
in many areas of the Midwest and Southeast United States in response 
to increased world demands for protein and oil. Certain areas in 
Louisiana previously dominated by cotton and corn, and newly cleared 
hardwood bottom lands are now dominated by soybean. In 1960 the 
number of soybean acres in Louisiana was estimate to be 308,000 
(USDA 1962). By 1980 a similar estimate indicate a 10 fold increase 
to 3,450,000 acres (USDA 1981). The increase in soybean production 
resulted in an increase in damage from particular insect pests. 
Velvetbean caterpillar, Anticarsia gemmatalis Hubner, was not known 
to be a pest in Louisiana until 1927 (Douglas 1930, Hinds 1930), but 
today it is considered the greatest defoliator of soybean in the 
South (Greene 1979). The populations of this species can reach 
explosive levels in August and September resulting in complete 
defoliation of fields if not treated (Greene 1976). If proper 
management is not implemented, and chemical control is applied 
prematurely, other pests such as soybean looper, Pseudoplusia 
includens (Walker), may become devastating to soybean (Greene et al. 
1974).
Suppression of insects below natural population peaks is often 
needed to prevent economic loss. The need for regulating 
populations below economic injury levels (EIL) is apparent. Needed
1
2also, Is a better understanding of the environmental factors 
affecting insect pest problems. The mechanisms which bring about 
population equilibrium is extremely complicated. Yet, complex 
interactions of harmful and beneficial arthropods, and associated 
biota require that interdisciplinary approaches be taken to grasp an 
understanding of the soybean ecosystem (Newsom 1980). Interactions 
of biotic and abiotic relationships within the environment can 
provide stability to populations, and with the existence of 
stabilizing mechanisms there can be reductions in populations which 
result in continued repression (Geier 1966).
Some weeds are alternate hosts of insect pests and beneficials and 
provide an important type of biotic interaction which can either have 
stabilizing or nonstabilizing effects on a soybean habitat (Tugwell 
et al. 1973, Altieri and Todd 1981). The first of these studies 
indicated the weed Desmodium spp. found near soybean was the source 
of inoculum for soybean mosaic virus and the second study showed 
benefits of vegetational diversity on the soybean pest complex.
Whether the outcome of the insect-weed interaction is beneficial or 
detrimental depends on which insects derive benefit from which weeds 
and how the interaction affects the energy web. If the pest derives 
nutrients, cover, and ovipositional sites from a weed, then the 
interaction will detract from the already fragile system.
Alternatively, the weed may provide these same requisites to a 
complex of beneficials which may increase natural control of pests 
in the soybean-arthropod complex. It is the purpose of this 
research to investigate such an interaction. Hemp sesbania,
3Sesbania exaltata Raf., and morning glory, Ipomoea spp.,are hosts of 
velvetbean caterpillar (VBC) and soybean looper (SBL), respectively. 
This complex of insects and weeds as well as other weed groups were 
examined for effects on arthropod populations of soybean.
Diversity Versus Stability Controversy
The ephemeral nature of crop monoculture prevents a disturbed 
site from following a natural step-wise succession. Species occupy 
a particular area because the conditions such as physical factors 
and food resources match the requirements of the organism. If the 
environment is favorable, then a species can remain indefinitely.
If the environment changes, it produces an ephemeral occupation by 
the organisms in the location. If the environment is homogeneous, 
then the complex of species will be restricted. Price (1975) stated 
that within a community the quantity and quality of resources have 
an organizing influence, and these will be influenced in turn by the 
size of the habitat, which is intimately connected with the 
structural diversity of the habitat.
Diversity has long been thought to lead to stability (MacArthur 
1955, Elton 1958). The dogma is based on the concept that a food web 
with interactions between many trophic levels acts to resist change by 
providing a number of possible routes on which energy can travel. 
Margalef (1963) used a scale of habitat maturity to distinguish 
between stable and unstable environments. Her scale was based on a 
ratio of primary producer photosynthesis to community respiration.
The photosynthesis/community respiration (= productivity/biomass)
will decrease towards unity as the system matures. In effect the 
aim of agricultural management is to hold the plant community in an 
immature state (van Emden and Williams 1974). Increasing biomass by 
adding new species does not raise stability as rapidly as 
distributing the extra biomass among the existing species.
Pimentel (1961) found that species diversity and complexity of 
association among species was essential to the stability and balance 
of the natural community system. Tahvanainen and Root (1972) 
determined that higher taxonomic and microclimatic complexity of 
natural vegetation tends to reduce pest outbreaks by providing 
"associational resistance." Root (1973) and Bach (1980) compared 
simple versus diverse habitats and found that increases in herbivore 
load in the monoculture were due to the "resource concentration 
hypothesis" rather than differences due to "enemies." Natural 
control of boll weevil was dramatically increased when cotton was 
grown in a mosaic of various other crops (Deloach 1971). Cromartie 
(1975) found that each insect pest species showed a different 
colonizing response to cruciferous host dispersion. Each had a 
maximum colonization potential under slightly different conditions; 
conversely, none were able to occupy plots in all situations with 
equal success.
Crop diversification increases arthropod stability in some 
crops (Pimentel 1961, Root 1973, Bach 1980). Yet, van Emden and 
Williams (1974) state that populations of agriculture pests are not 
really unstable. Agricultural pests have an equilibrium level, and 
problems are caused by large oscillations around equilibrium.
5These oscillations result from their energy characteristics and 
their abundance being more climatically than biotically determined. 
Economic control can dampen the oscillations or reduce levels below 
the equilibrium state. Reduction of equilibrium oscillations can be 
ecologically accomplished by spatial diversity, age-structure 
diversity, and species diversity. In pest control jargon this 
translates to mixed farming, plant resistance, and biological 
control, respectively (van Emden and Williams 1974).
Southwood and Way (1970) concluded that the greater the 
diversity the greater the chances of stability. Diversity and 
stability tend to share a parallel evolution. Conversely, Smith and 
van den Bosch (1967) avowed that increased diversity per se could 
lead to instability, as with the importation of a new pest such as 
the yellow clover aphid Therioaphis trifolii (Monell). They felt 
that unseen faunal diversity already existed in many crops. Several 
crops have hundreds of species associated with them (Whitcomb and 
Bell 1964, Deitz et al. 1976). Smith and van den Bosch (1967) 
concluded that a few hundred species, if organized for stability, 
would certainly seem enough to maintain equilibrium.
A drop in productivity correlated with increasing diversity is 
steepest at low diversities (Margalef 1969). The probability of 
interspecific encounters does not increase greatly once a moderate 
degree of diversity has been attained (Hurlbert 1971). This implies 
that agricultural crops which are not diverse stand to lose greatest 
productivity with only a small increase of diversity; and further­
more, the faunal diversification created by crop diversification 
could have a destabilizing effect.
6The Role of Weeds in the Soybean-Arthropod Interaction
Man cannot expect to mimic the evolved diversity of mature 
systems in agriculture. Success will depend on introducing 
effective diversity such as a weed, a good parasite, or removing 
some primary organism which benefits the pest. An example of the 
former is that of Horogenes .spp., which is an effective parasite of 
the diamond-back moth, Putella maculipennis, but which requires 
another prey to bridge an overwintering larval generation after the 
parasite has emerged from Plutella cocoons in the fall (van Emden 
and Williams, 1974). Adding many predators and parasites would give 
stability at the trophic level, but could reduce their ability to 
control outbreaks unless structural diversity was also involved.
Turn rows, fence rows and similar refuges of floral diversity in the 
agro-ecosystem may be a nuisance in terms of ease and convenience of 
farming, but nevertheless a recommendation to retain some weeds near 
the crop should stand (van Emden and Williams 1974). The "right 
kind of diversity is fundamental to the modern approach to pest 
control (Way 1966)."
Many papers have shown that populations of beneficial insects 
are increased by crop diversity or hedge rows (Dambach 1948, Leius 
1967, Dempster 1969, Lewis 1969, Fuchs and Harding 1976). Yet, few 
studies indicate decreased stability to the agroecosystem due to 
association of soybean with any particular weeds. In Arkansas 
133 species of arthropods were identified from a one year
7collection in Desmodium spp. Of these species, 93 also were 
collected in soybean, including the vectors of bean pod mottle 
virus, Cerotoma trifurcata (Forster) and Colaspis louisianae (Blake) 
(Tugwell et al., 1973). L. D. Newsom^ (personal communication) has 
observed greater defoliation of soybeans by velvetbean caterpillar
2 /
when closely associated with the hemp sesbania. Also D. F. Clowei>~ 
(personal communication) has noted higher Heliothis zea (Boddie) 
populations in cotton fields with morning glories (Ipomoea spp.).
Van Emden (1977) stated that we should be prepared to find, at 
times, that pest problems have been intensified by some 
diversification when the converse was anticipated. Two 
comprehensive review papers on the association of weeds and insects 
are by van Emden (1965) and Altieri and Whitcomb (1979).
Population equilibrium is a finely adjusted scale; and a 
complex of environmental factors are interwoven to maintain a stable 
state. Insects have coevolved with plants for mutual benefit; some 
are herbivores which consume their host plants, while other insects 
protect these plants. As these plant-insect interactions are better 
understood, management of the populations of certain primary pests 
can be better manipulated. Using sound ecological practices and 
careful crop management, will help growers to obtain satisfactory 
crop yields and reduce energy input.
8Moth Nutrition
Soybean looper moths often feed on nectaries of plants which 
are not preferred sites of oviposition (Jensen et al. 1974). This 
study found that adult females deposited significantly more eggs 
when supplied with cotton blossoms or honey solution than without 
these carbohydrate sources. Velvetbean caterpillar adults have been 
observed foraging on flower spiklets of bahia grass (Paspalum 
notatum) and other plants (Greene et al. 1973). The observation by 
Greene et al. (1973) was likely the response of moths feeding on 
honeydew from ergot which attack the floral spiklets. Moths feeding 
on spiklets of a grass in the Panama Canal Zone were attracted to 
honeydew of jC. paspali Stev. and Hall. (Karr 1976, Pohl et al.
1979). An obvious result of the presence of weeds on soybean is the
benefit that adult Lepidoptera derive from the available nectar. 
Honeydew, excreta, puddle edges, pollen, etc. also provide 
carbohydrates, amino acids, and salts. These food sources of adult 
Lepidoptera likely have some impact on their fecundity and survival.
As a result of the food webs the stability of populations can be
affected.
Norris (1936) published a large study on the feeding habits of 
adult Lepidoptera. In this work he discussed observed cases of 
feeding by adult Lepidoptera on nectar, rotting fruit, fruit juices, 
sap, honeydew, water, animal excrement, and other nutrient sources. 
Norris concluded that many families of Lepidoptera were attracted to
9nectar sources by attractive flowers and by the power of vision of 
the insect; whereas, sugary substances other than nectar were also 
attractive to Noctuidae and Nymphalidae who use their olfactory 
senses for food detection. In this study he also noted the puddling 
habit of male Lepidoptera, but did not clarify the purpose of this 
behavior. In his review Norris divided Lepidoptera into groups 
determined by the insects' response to carbohydrates and water.
Several studies have demonstrated the importance of 
carbohydrate sources on Lepidopteran fecundity. Adult tobacco 
budworm, Heliothis virescens (F.), and cotton leafworm, Alabama 
argillacea (Hbn.), lived about twice as long and oviposited 
approximately 5 times as many eggs when provided access to sugar 
solution, as when supplied with water (Lukefuhr and Martin 1964). 
Fecundity of adult cabbage looper, Trichophusia ni (Hubner) was 
directly correlated to the concentration (0 - 16%) of sugar water 
offered (Shorey 1963). Egg-laying by a noctuid cotton pest, Earias 
fabia Stall, in India reached its maximum when adult insects were 
fed a 15% solution of raffinose (Krishna et al. 1977). Soybean 
looper was significantly more abundant in soybeans when nearby 
cotton served as a primary carbohydrate source than when soybean 
fields were far removed from cotton fields (Burleigh 1972). These 
studies demonstrate the influence that certain concentrations and 
constituents of carbohydrate sources have on insect pest numbers.
Nectar feeding insects respond differently to various nectar 
constituents. A number of studies on this subject have been 
conducted with honey bees. Waller (1972) found bees to show an
aversion to sucrose solutions containing potassium salts. A later 
study concluded that a mixture of equal parts of sucrose, glucose, 
and fructose was less attractive than sucrose or a mixture in which 
sucrose was dominant (Bachman and Waller 1977). When corn earworm 
moths were tested for response to 10 sugars in solution, the most 
attractive on the basis of molar concentrations were sucrose, invert 
sugar, and fructose in that order (Ditman and Cory 1933). Noctuid 
moths were attracted synergistically to fermenting sugar baits and 
volatile organic compounds (i.e., a mixture of compounds attracted 
more moths than the summed attraction of the components of the 
mixture predicted) (Utrio 1983). Utrio (1983) concluded that robust 
species such as Noctuidae with proportionally large thorax and small 
wings have higher energy demands than do slender species such as 
Geometridae.
Several studies have investigated the sugars present in floral 
nectars. Wykes (1952) found the relative proportions of fructose, 
glucose, and sucrose varied in nectar from different species; but 
relative proportions appeared to be constant for any one species. 
Percival (1961) analyzed nectar from 889 species and broadly grouped 
the nectar types into: a) nectars with sucrose dominant, b) balanced 
nectars with equal amounts of sucrose, fructose, and glucose, and c) 
nectars with fructose and glucose dominant. She also concluded that 
sucrose-dominated nectars were associated with long-tubed flowers 
having protected nectar, and fructose + glucose-dominated nectars 
were associated with ’open' flowers having unprotected nectars.
Cotton nectaries are important food sources for cotton pests
(Lukefahr and Rhyne 1960). In this study adult noctuid pests 
increased significantly when exposed to cotton with nectaries as 
compared to nectariless cotton. Investigations on the kinds of 
sugars in cotton nectar were performed by Butler et al. (1972). In 
this study nectar from both Gossypium hirsutum L. and £. barbadense 
L. was analyzed by gas chromotography. Nectar was collected from 
leaf, sub-bracteal, circumbracteal, and floral nectaries. The 
concentration of fructose and glucose was greater than sucrose in 
the nectar from all sources. These results differed only slightly 
from an earlier study on cotton nectar which sporadically found 
trace amounts of ribose, rhamnose, and raffinose in addition to the 
large amounts of fructose, glucose, and sucrose (Clark and Lukefuhr 
1956). No amino acids were found even when large amounts of the 
nectar were analyzed chromatographically by Clark and Lukefahr 
(1956).
Amino acids in nectar may be more important for butterflies 
than for bees (Baker and Baker 1973). This theory was proposed in 
view of the fact that, with the exception of Heliconius, no 
butterfly is known to make use of pollen and none is known to 
produce a proteolytic enzyme. Therefore, proteins in nectar would 
not be useful to butterflies and moths; but bees can break down 
proteins and can benefit from the presence of proteins. In 
Lepidoptera, fecundity and longevity are generally thought to be 
limited by nitrogenous reserves accumulated during larval feeding 
(Wigglesworth 1972). Adults of the butterfly genus Heliconius are 
not constrained to larval reserves, but extract amino acids from
12
pollen (Pianka et al. 1977). Even though many nectar sources of 
moths contain amino acids, no evidence is available demonstrating 
any physiological advantage obtained from feeding on amino acids by 
adult moths. This is a curious observation in light of the fact 
that nectars are richer in amino acids if the flowers that produce 
them are pollinated by settling moths, butterflies, and many wasps 
which, as adults, do not have alternative sources of 
protein-building materials (Baker 1977). Thus, there appears to be 
a coevolution among the species of flowering plants that Lepidoptera 
pollinate and the high level of amino acids in the nectars of these 
plant flowers. It would appear likely that benefit was derived from 
this available amino acid.
Lepidoptera feeding at puddle margins were studied and 
documented by Downes (1973). He found 96% of the individuals at 
puddles to be male and speculated that the insects were satisfying a 
requirement for salt or some trace substance for which the male had 
more need. Tiger swallowtail butterflies, Papilio glancus L., are
attracted to dilute aqueous solutions of sodium salts (Arms et al.
-3
1974). In this study, sodium ion levels as low as 10 molar were 
sufficient to stimulate puddling behavior. In a later study, sodium 
levels in male and female Pieris rapae (L.) were measured in freshly 
emerged and older field-collected individuals (Adler and Pearson 
1982) . Results indicated a decrease of greater than 50% of Na in 
older males; whereas, females levels of Na were higher in older 
field- collected individuals. Sodium is used in egg production; 
therefore, they postulated that the transfer of sperraatophores was
13
one causative factor for sexual differences in body Na levels. The 
transfer of Na from males to females would result in a deficient Na 
level in males and could explain why 96% of the Lepidoptera found 
puddling by Downes (1973) were male.
Adult Lepidoptera feed at flowers, extrafloral nectaries, 
ergot, honeydew, edges of puddles and other sites in order to 
fulfill nutritional requirements. The influence that these food 
sources have on fecundity in adults can result in egg numbers which 
are several fold higher than in adults denied the food source. In 
soybean fields the primary food sources for adult soybean looper and 
velvetbean caterpillar are weed nectaries from plants in and around 
the field, as well as from honeydew formed by ergot, Claviceps 
paspali, on Dallis grass, Paspalum dilatatum Poiret. The goal of 
this research project was to investigate the role that weeds play in 
modifying insect numbers in soybeans.
14
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Chapter II
Association of Soybean Arthropod Abundance with Crop Weediness 
Introduction
Pimentel (1961) concluded that species diversity had an 
important role in preventing population outbreaks and placed 
emphasis on the role that parasites and predators played. Predators 
have been found in higher numbers when weeds were present than in 
soybean fields without weeds (Altieri et al. 1981, Shelton and 
Edwards 1983). Populations of primary herbivores have been shown to 
be more stable in cruciferous crops when the habitat was diverse 
(Dempster 1969, Bach 1980). Dempster found the survival of Pieris 
rapae (L.) larvae to be lower and populations of the predator 
Harpalus rufipes Degeer to be higher, in weedy as opposed to hoed 
plots of brussels sprouts. However, it is not justified to assume 
that any increase in diversity will have a corresponding stabilizing 
effect (Way 1966).
Several studies have indicated a destabilizing effect of
uncultivated land on crop pests. Van Emden (1965) concluded that,
"almost every advantage offered to beneficial insects by
uncultivated land is at least to some extent offset by a similar
advantage to pests." Two of the 93 species of arthropods found on
both Desmodium spp. and soybean were vectors of bean pod mottle
virus (Tugwell et al. 1973). Trifolium spp. and Geranium dissectum
(L.) are early season hosts to Heliothis spp. and allow for
populations to build up early before migrating into cotton
(Stadelbacher 1981). Before any weed is allowed to grow in the
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soybean ecosystem or is only partially controlled in order to 
diversify the habitat, every effort must be made to understand the 
interaction of the weed with local soybean pests.
Only recently has emphasis been placed on establishing economic 
thresholds for weeds in soybean (Barrentine and Oliver 1977,
McWhorter and Anderson 1981). Ultimately, certain weed thresholds 
will be recommended which take into account not only competition 
with crops for resources, but also harvesting losses, increased weed 
seed dissemination, and it is to hoped, their inpact on populations 
of other pests. The result will be the establishment of tolerable 
low weed densities which cannot be profitably controlled with 
herbicides. As information to support these thresholds is being 
gathered by weed scientists, entomological studies are needed to 
establish which weeds may have beneficial diversifying effects on 
the soybean ecosystem and which weeds increase populations of 
soybean pests. In this study the hypothesis was tested that 
weediness did not affect arthropod abundance in soybean.
Materials and Methods
Arthropod survey of soybean with and without weeds in 1980.
An area-wide survey was conducted to quantify seasonal 
abundance of 47 arthropod species (Tables 1 & 2) in 2 different 
soybean habitats in 1980. The survey consisted of sweepnet sampling 
at 5 locations (blocks) in central and south central Louisiana.
Both weedy soybean and weed-free soybean sites were monitored at 
each location on an approximately weekly basis. The pairing of
Table 1. List of arthropod species (herbivores) monitored in the 1980 soybean survey of
central and south central Louisiana and in the 1981-1982 field plot study at St. Gabriel.
Herbivore Common Name Stage Family
Anticarsia gemmatalis Hubner Velvetbean caterpillar Instars 1-3 Noctuidae
Anticarsia gemmatalis Hubner Velvetbean caterpillar Instars 4-6 Noctuidae
Pseudoplusia includens (Walker) Soybean looper Instars 1-3 Noctuidae
Pseudoplusia includens (Walker) Soybean looper Instars 4-6 Noctuidae
Heliothis zea (Boddie) Corn earworm Instars 1-3 Noctuidae
Heliothis zea (Boddie) Corn earworm Instars 4-6 Noctuidae
Playthpena scabra (Fabricius) Green cloverworm Instars 1-3 Noctuidae
Playthpena scabra (Fabricius) Green cloverworm Instars 4-6 Noctuidae
Spodoptera spp. Armyworms Instars 1-3 Noctuidae
Spodoptera spp. Armyworms Instars 4-6 Noctuidae
Nezara viridula Linnaeus Southern green stink bug Nymphs Pentatomidae
Nezara viridula Linnaeus Southern green stink bug Adults Pentatomidae
Euschistus servus (Say) Brown stinkbug Adults Pentatomidae
Euschistus tristigmus (Say) Dusky brown stink bug Adults Pentatomidae
Cerotoma trifurcata (Forster) Bean leaf beetle Adults Chrysomelidae
Spissistilus festinus (Say) Three cornered alfalfa hopper Adults Membracidae
Empoasca fabae (Harris) 
Colaspis louisianae (Blake)
Potato leaf hopper Admits
Adults
Cicadellidae
Chrysomelidae
Diabrotica balteata LeConte 
Homalodisca coagulata (Say) 
Rivellia quadrifasciata
Banded cucumber beetle Adults
Adults
Chrysomelidae
Cicadellida^
(Macquart) Soybean nodule fly 
Diabrotica undecimpunctata
Adults Platystomatidae
howardi Barber Spotted cucumber beetle Adults Chrysomelidae
Opistheuria clandestina Van D. P. Adults Miridae
Syphrea sp. (nearest S. nigritula) Adults Chrysomelidae
ho
ho
Table 2. List of arthropod species (predators) monitored in the 1980 soybean survey of central
and south central Louisiana and in the 1981-1982 field plot study at St. Gabriel.
Predator Common Name Stage Family
Coleomegilla maculata (Degeer) Adults Coccinellidae
Hippodamia convergens Guerin Meneville Convergent Adults Coccinellidae
Lady beetle
Cycloneda sanguinea (Linnaeus) Adults Coccinellidae
011a abdominalis (Say) Adults Coccinellidae
Scymnus spp. Adults Coccinellidae
Coccinellidae Immatures Coccinellidae
Chrysopa spp. Adults and Immatures Neuroptera
Tropiconabis capsiformis (Germar) Adults Nabidae
Reduviolus roseipennis (Reuter) Adults Nabidae
Hoplistoscelis sordidus (Reuter) Adults Nabidae
Geocoris punctipes (Say) Big-eyed bug Adults and Immatures Lygaeidae
Geocoris uliginosus (Say) Adults and Immatures Lygaeidae
Orius insidiosus (Say) Insidious Flower bug Adults Anthocoridae
Lebia analis Dejean Adults Carabidae
Calleida decora (Fabricius) Adults Carabidae
Podisus maculiventris (Say) Spined soldier bug Adults Pentatomidae
Ants Adults Formicidae
Jumping spiders Adults and Immatures Salticidae
Wolf spiders Adults and Immatures Lycosidae
Crab spiders Adults and Immatures Thomisidae
Orb weavers Adults and Immatures Araneidae
Tetragnathidae Adults and Immatures Tetragnathidae
Lynx spiders Adults and Immatures Oxyopidae
N)
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sites enabled comparisons of insect abundance as affected by the 
presence or absence of weeds in soybean. The experiment was a 
randomized block design with location serving as blocks and each of 
the 2 sites/block served as treatments.
Four of the study locations were located in St. Landry Parish 
an were identified as follows: Meshe, Cassia, Port Barre, and 
Taylor. In Rapids Parish one location was monitored and was 
identified as Cenla. However, at Cenla 2 weedy soybean sites and 2 
weed-free soybean sites were monitored resulting in an increase in 
sample number for this particular location. Thus, there was a total 
of 5 blocks. Field sites were judged for weediness using the 
herbicide rating scale for weed control on which the numbers 1 and 
10 indicated no contol and complete control, respectively. Weedy 
sites were judged 2 to 4 on the herbicide rating scale and weed 
species included Johnson grass, Sorghum halepence (L.), barnyard 
grass, Echinochloa crusgalli (L.), broadleaf signal grass,
Brachiaria platyphylla (Grisebach), Paspalum spp. , hemp sesbania, 
Sesbania exaltata (Raf.), pitted morning glory, Ipomoea lacunosa L., 
entireleaf morning glory, I. hederacea (L.), cocklebur, Xanthium 
Strumarium L . , prickly sida, Sida spinosa L . , sicklepod, Cassia 
obtusifolis L., smooth pigweed, Amaranthus chlorostachys Willd., and 
others in low density.
At all 5 locations soybean fields were initially chosen which 
exhibited a phenological stage of either R1 or R2 (Fehr and Caviness 
1971). Where possible weedy and weed-free soybean sites were chosen 
with soybean plants of the same variety and planting date.
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Centennial variety was most common, but Tracy-M and Bragg varieties 
were also sampled. Genung and Green (1962) stated that varietal 
differences probably reflect preferences rather than resistance and 
any preferential effect would probably not be found if a variety 
were grown in isolation from other varieties. Since plants of the 
same phenological stage were used, it was felt that varietal 
differences would have minimal effect on arthropod abundance in a 
large geographical survey. Six replicates of samples with 25 sweeps 
per sample were taken at each field site. Arthropods were either 
counted in the field or were brought into the laboratory and frozen 
for later identification. Sampling began on July 28, 1980 and 
continued through September 24, 1980 with most sites sampled 
approximately 9 times.
Analysis was performed using a statistical model for a 
randomized complete block design. Initially, seasonal means of 
arthropods were analyzed and date was included as a split on time. 
However, significant interactions occurred between date and 
treatment for some species. Therefore, the data were reanalyzed for 
3 time periods (early sampling, mid-sampling, and late sampling). 
Instead of using 1 seasonal mean for each insect, there was a mean 
for each of the 3 sampling periods. Thus, the 9 weeks of sampling 
were divided into 3 periods and each period included 3 weeks. Early 
sampling period results are derived from sampling from weeks 1 
through 3, mid sampling period results are from weeks 4 through 6, 
and late sampling period results are from weeks 7 through 9.
Splitting of the season eliminated statistical problems stemming
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from treatment by time interactions.
St. Gabriel weed-arthropod plot study; 1981 and 1982.
In 1981 and 1982 a soybean field plot study was conducted to 
measure differences in arthropod abundance at 4 levels of soybean 
weediness. The experiment was conducted at St. Gabriel, Louisiana 
on a 3.5 acre field. The experimental design was a randomized 
complete block with 4 treatments arranged randomly in each of 3 
blocks. The treatment plots were labeled as weed-free, mixed-weed, 
broadleaf-only, and grass-only soybean plots. Using the herbicide 
rating scale of 1 to 10 to judge weed control, weed-free treatments 
scored 8 to 10, thus indicating only an occasional weed plant per 
meter of row. Mixed-weed plots were judged 1 to 3 on the scale and 
contained 10 to 20 or more weed plants per meter of row. The 
primary grass weeds in the mixed-weed and grass-only soybean 
included Johnson grass, barnyard grass, and broadleaf signal grass.
The primary broadleaf weeds in the mixed-weed and broadleaf-only 
soybean included hemp sesbania, cocklebur, entire leaf morning 
glory, pitted morning glory, prickly sida, Pennsylvania smartweed, 
Polygonum pensylvanicum L . , and redweed, Melochia corchorifolia L.
Bragg soybeans were planted in late May for both 1981 and 1982
throughout the experimental field. On the day prior to planting
®trifluralin (Treflan ) was applied (0.84 kg ai/ha) to soybean plots 
with weed-free and broadleaf-only treatments and was incorporated 
with a bed conditioner. After planting, metribuzin (Sencor ) was 
applied (0.56 kg ai/ha) in 1981 and (0.84 kg ai/ha) in 1982 to 
weed-free and grass-only treatments, respectively. Acifluorfen
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(Blazer ) was applied 2 weeks later (0.49 kg ai/ha) to weed-free and 
grass-only plots. Sampling by sweepnet began 4 and 6 weeks after 
the acifluorfen was applied in 1981 and 1982, respectively. This 
herbicide is not known to have insecticidal properties and the 
length of time before sampling occurred would have given any 
affected populations time to recover from the herbicide use.
There were 16 sampling dates in 1981 and 9 in 1982. On each 
sample date 12 samples of 10 sweeps per sample were taken in each of 
the 12 plots. Once initiated, samples were taken each week ( 1 week 
was missed in 1982) . Samples were either counted and recorded in 
the field or were brought into the laboratory and frozen for later 
identification.
Data from each year were analyzed separately. Analysis of 
variance for seasonal means used a statistical model for randomized 
block design with a split-plot arrangement on time. Data were 
transformed for analysis by square root (mean + 0.1) to normalize 
the data (Southwood 1978), but all means are reported as real 
numbers. Some species showed an interaction of treatment and date; 
therefore, data from both years were also analyzed for each date, 
thus increasing the number of statistical tests on each species by 
16 and 9 for 1981 and 1982, respectively.
Results
Arthropod survey of soybean with and without weeds in 1980.
Of the 47 arthropod taxa monitored most showed a significant 
change in abundance due to time. Therefore, results of arthropod
abundance will be presented for early sampling, mid sampling, and 
late sampling periods. Arthropods exhibiting significant 
differences (P<0.05) in abundance due to treatment and those that 
tended to be affected by treatments (P<0.10) are listed in Table 3. 
When describing the differences in abundance for a given sampling 
period, only those taxa which were significantly different (P<0.05) 
are graphically presented (Fig. 1). These 4 graphs represent the 
best fit of the data by a curvalinear model (using a fifth order 
polynomial) with means for each site superimposed. Since 
variability between sites was considerable on some dates, data were 
graphed using a curvalinear model which better demonstrated 
treatment effects. Those groups which differed due to treatment 
with a P value between 0.05 and 0.10 will be discussed as arthropods 
with tendencies to respond to treatments and are included in 
Table 3.
During the early sampling period, only Homalodisca coagulata 
exhibited a significant difference in abundance due to treatment. 
This homopteran was most abundant in weedy fields and was observed 
many times on hemp sesbania and Johnson grass. During the early 
sampling period the mean number was 1.50 per 25 sweeps in contrast 
to 0.65 in the weed-free fields. Fig. 1-B illustrates the 
difference in population abundance. The other taxon which tended to 
respond to treatments in the early sampling period was wolf spiders, 
(Lycosidae). Wolf spiders were more abundant in weedy fields as 
seen in Table 3. The mean numbers per 25 sweeps were 0.18 and 0.02 
for weedy and weed-free fields, respectively. The most common genus
Table 3. Arthropods affected by soybean habitat weediness during early, mid, and late sampling 
periods of 1980.
Taxa Stage Ni/ Treatment M e a n ^ P<F
EARLY SAMPLING PERIOD
Homalodisca coagulata Adult 66 Weedy 1.50 a
0.031
54 Weed-free 0.65 b
Lycosidae (wolf spiders) Adult and Immature
MID
66
54
SAMPLING
Weedy
Weed-free
PERIOD
0.18
0.02
0.078
Homalodisca coagulata Adult 86 Weedy 1.41
0.069
72 Weed-free 0.33
Rivellia quadrifasciata Adult 86 Weedy 1.11
0.075
72 Weed-free 1.68
Salticidae
(Jumping spiders) Adult and Immature 86 Weedy 0.23 a
0.014
72 Weed-free 0.07 b
Plathypena scabra
(Green cloverworm) Instars 4--6 86 Weedy 0.15
0.098
72 Weed-free 0.31
LATE SAMPLING PERIOD
Anticarsia gemmatalis Instars 1--3 90 Weedy 1.98 b
0.036
(Velvetbean caterpillar) 72 Weed-free 3.25 a
Pseudoplusia includens
(Soybean Looper) Instars 4--6 90 Weedy 0.89
0.066
72 Weed-free 0.26
Geocoris punctipes Adult and Immature 90 Weedy 2.76 a
0.030
72 Weed-free 1.06 b
Lebia analis Adult 90 Weedy 0.28
0.090
72 Weed-free 0.03
Thomisidae (Crab spiders) Adult and Immature 90 Weedy 0.22
0.097
72 Weed-free 0.10
Oxyopidae (Lynx spiders) Adult and Immature 90 Weedy 0.24
0.095
72 Weed-free 0.10
■j. Number of sweep samples (25 sweeps per sample) in given period.
■zr. Number of individuals per 25 sweeps.
—  Ranking by Duncan's multiple range test was performed only on treatments with P < F = 0.05.
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Figure 1. Seasonal arthropod abundance in 1980. Arthropods significantly affected by treatment in 
sovbean fields during either early, mid, or late sampling period. See text for further 
description.
was Pardosa spp.; however, other genera were present.
In the mid sampling period of 1980 salticid spiders were the 
only group which was significantly affected by the treatments. The 
number of jumping spiders was significantly higher in the weedy 
fields than in the weed-free fields (Table 3). In Figure 1-D 
abundance is graphically illustrated. In early and late sampling 
periods the numbers were higher in the weedy fields but variability 
was too great to indicate a consistent difference.
Also in the mid sampling period, 3 other species tended to 
respond to treatments. Late instar green cloverworm (GCW) occurred 
in greater numbers in weed-free fields. Rivellia quadrifasciata, 
the soybean nodule fly, was more numerous in weed-free fields as 
well. Homalodisca coagulata again was most abundant in weedy fields 
and appears closely associated with hemp sesbania. The mean 
abundance of these insects can be seen in Table 3.
In the late sampling period of 1980, small velvetbean 
caterpillar larvae (VBC) showed significant differences due to 
habitat type. Early instar VBC were significantly more abundant in 
weed free-fields. In Figure 1-A the abundance of this pest is 
demostrated graphically. The occurrence of small VBC larvae was 
rare until early September. Mean abundance in weed-free fields was 
3.25 per 25 sweeps compared to 1.98 in weedy fields for the late 
sampling period (see Table 3). Geocoris punctipes also exhibited a 
significant response to the presence of weeds in late season. This 
is seen in Figure 1-C. The abundance of this predator varied 
considerably at different locations and the season long tendency was
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that the predator was usually more abundant in weedy soybean fields. 
However, only in the late sampling period period did the number 
increase to a significantly higher level in the weedy soybean 
fields.
Late instar soybean looper (SBL) was a late season pest that 
was more abundant in weedy soybean fields. Although the variability 
was somewhat high, the tendency was for the large SBL to be most 
numerous in soybean containing weeds. The mean numbers of large 
larvae in weedy and weed-free fields were 0.89 and 0.26, 
respectively, per 25 sweeps (Table 3) during late sampling period.
Three predators in the late season tended to be more numerous 
in weedy fields. These included the predaceous Lebia analis, and 2 
groups of spiders, Thomisidae (crab spiders) and Oxyopidae (lynx 
spiders). The means for the weedy and weed-free fields can be seen 
in Table 3.
St. Gabriel weed-arthropod plot study : 1981 and 1982
In 1981, 4 insects had seasonal means which differed 
significantly due to treatments. These included Empoasca fabae, 
coccinellid immatures, Geocoris punctipes, and Orius insidious. The 
seasonal abundance of these insects can be seen in Figure 2.
Empoasca fabae was significantly lower in mixed-weed soybean 
plots (Figure 2). This may be a result of increased predation in 
the weedy plots since more predators were found in mixed-weed plots 
and broadleaf-only plots. The greatest numbers of the leafhopper 
were in the grassy-only soybean plots. This was surprising since 
grass is not known to be a common host of 12. fabae, whereas, soybean
Table 4. Mean number of arthropods found in different soybean field habitats on given dates at 
St. Gabriel, Louisiana.
Treatment Mearr^
Date Arthropod Type P<F Mixed
Weeds
Broad-
leaves
Grasses Weed-
free
June 17, 1981 Orius insidiosus Predator 0.030 0.36 ab 0.53 a 0.11 b 0.14 b
June 23, 1981 Reduviolus rosepennis Predator 0.037 0.14 b 0.47 a 0.22 b 0.19 b
Geocoris punctipes Predator 0.027 1.58 b 2.47 a 2.42 a 1.61 b
July 7, 1981 Crab spiders Predator 0.006 0.67 a 0.53 ab 0.17 c 0.36 be
July 20, 1981 Jumping Spiders Predator 0.040 0.44 a 0.11 ab 0.14 b 0.19 b
August 3, 1981 Coccinellidae Immatures Predator 0.018 0.61 b 1.92 a 0.97 a 0.75 b
August 10, 1981 Coccinellidae Immatures Predator 0.004 o .u c 0.53 a 0.31 b 0.33 b
Crab spiders Predator 0.022 1.33 a 1.00 ab 0.81 b 0.78 b
July 9, 1982 Geocoris punctipes Predator 0.034 0.17 b 0.83 a 0.53 ab 0.44 ab
July 30, 1982 Jumping Spiders Predator 0.036 0.28 b 0.78 a 0.39 ab 0.19 b
Wolf Spiders Predator 0.002 0.03 b 0.44 a 0.31 a 0.11 b
July 20, 1981 Empoasca fabae Herbivore 0.048 1.67 b 1.92 a 1.50 a 1.32 a
August 10,1981 Plathypena scabra 
(instars 1-3)
Herbivore 0.023 0.03 b 0.44 a 0.64 a 0.61 a
Empoasca fabae Herbivore 0.020 0.53 b 1.94 a 3.03 a 2.58 a
Homalodisca coagulata Herbivore 0.011 0.50 a 0.22 b 0.06 b 0.08 b
August 18, 1981 Anticarsia gemmatalis 
(instars 4-6)
Herbivore 0.040 0.14 b 0.19 ab 0.06 b 0.36 a
Plathypena scabra 
(instarsl-3)
Herbivore 0.003 0.67 c 1.75 b 1.81 ab 2.64 a
August 26, 1981 Anticarsia gemmatalis 
(instars 1-3)
Herbivore 0.021 0.50 b 1.19 a 0.69 b 0.47 b
Anticarsia gemmatalis 
(instars 4-6)
Herbivore 0.040 0.33 b 0.78 a 0.83 a 1.00 a
Diabrotica balteata Herbivore 0.034 4.06 ab 5.39 a 5.44 a 3.39 b
September 3, 1981 Nezara viridula 
(adult)
Herbivore 0.049 0.11 b 0.25 ab 0.22 ab 0.39 a
July 2, 1982 Diabrotica balteata Herbivore 0.024 0.97 b 1.86 a 0.69 b 1.31 ab
Syphrea sp. Herbivore 0.005 6.31 a 1.31 b 0.72 b 0.14 b
August 19, 1982 Opistheuria claudestina Herbivore 0.050 2.64 a 1.06 b 0.47 b 0.75 b
August 28, 1982 Pseudoplusia includens 
(instars 1-3)
Herbivore 0.004 1.72 b 3.03 a 1.89 b 3.00 a
—  Means followed by the same letter are not significantly different at P < 0.05, by Duncans' multiple 
range test.
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Figure 2. Seasonal arthropod abundance in 1981. Arthropods significantly affected by weed types in 
soybean. See text for further description.
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is a preferred host (Broersma et. al 1972). Three distinct 
generation peaks (Figure 2) occurred during this season.
Coccinellid immatures, Geocoris punctipes, and Orius insidiosus 
are 3 predator groups which were significantly more numerous in 
habitats containing weeds. Coccinellid immatures were most abundant 
in plots containing broadleaf weeds. Orius insidiosus had 
significantly higher numbers in mixed-weed soybean than in 
grass-only soybean.
During 1982 only 2 insects had a seasonal mean abundance which 
was significantly affected by the treatments. One was Homalodisca 
coagulata which was most abundant in broadleaf-only soybean and with 
mixed-weed soybean. The levels in these plots were significantly 
higher than in the weed-free soybean and grassy-only soybean (Figure 
3). This follows the pattern found in 1980 and 1981 and is easily 
explained by the presence of hemp sesbania.
The other insect significantly affected by treatments was a 
flea beetle, Syphrea spp. This beetle is herbivorous and feeds 
primarily on Mexican weed (also called birdeye), Caparonia palustris 
(L.) St.-Hil. The weed was sparsely distributed but where ever it 
occurred the beetle was numerous. This resulted in numbers which 
were obviously affected by the presence of the weed in the mixed- 
weed soybean (Figure 3). In the broadleaf-only soybean this 
particular weed was not as abundant as in the mixed-weed soybean and 
the level of the beetle was not much greater than where the weed was 
absent. The low level of Syphrea sp. in the broadleaf-only soybean 
was due to the rare occurrence of the host plant, Mexican weed.
Nu
m
be
r 
/ 
10 
S
w
ee
ps
36
i .och
BROADLEAF
MIXED
GRASSY
WEEDFREE
f/\ \0.75-
0.50-
W /
0.25-
H o m a l o d l s c a  c o a g u l a t a
0.00-
1 O 20 30
August10 20 30J u l y
30
Juno
7.5^   BROADLEAF
  MIXED
  GRASSY
  WEEDFREE
5.0^
S y p h r e a  s p .
2.5^
0.0^
10 2 0 3 0 August30 20 30Jul y
10
Juno
Figure 3. Seasonal abundance of arthropods in 1982 significantly 
affected by weed types in soybean. See text for 
further discussion.
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When treatments were compared for each sampling date, a large 
number of arthropod groups showed a response to treatment (Table 4).
In this table predators are grouped separately from the herbivores. 
Looking at the means for each treatment and counting the groups of 
predators which exhibit Duncan's group "a," one sees 4 taxa in the 
mixed-weed plots, 8 taxa in the broadleaf plots, 3 taxa in the grass 
plots, and 0 taxa in the weed-free plots. This is strong evidence 
for increased predator abundance in plots with weeds. No single 
predator group was most numerous in the weed-free soybean plots. If 
the herbivores are likewise compared, the mixed-weed plots had 4 
taxa with Duncan's "a" rank, broadleaf plots had 8 taxa, grass plots 
had 6 taxa, and weed-free plots had 8 taxa. In weed-free plots all 
8 taxa with the rank of "a" were soybean pests which were more 
numerous in the absence of any weeds than they were in plots that 
contained weeds. These comparisons show that throughout the 
sampling dates of 1981 and 1982 no predator was most numerous in 
weed-free plots. Similarly, no soybean pest was most abundant in 
mixed-weed plots.
Irrespective of the relationship of predators to weedy plots, 
some herbivores were found at significantly higher numbers in 
certain weed plots. Homalodisca coagulata, Syphrea sp., and 
Opistheuria clandestina were all found at high numbers in mixed-weed 
plots. This is easy to explain due to the relationship these 
phytophagous insects have to certain weeds which were present in the 
mixed-weed plots.
Discussion and Conclusions
Soybean fields from 5 different geographic locations within a 
2-parish area were sampled in 1980. At these sites, cultural 
conditions, levels of weediness, and weed species sometimes differed 
slightly. However, cultural practice differences were minor in 
comparison to the differences due to crop weediness; therefore, it 
is assumed that the cultural differences had negligible effects on 
arthropod abundance. The differences due to cultural practices 
which occurred were removed by use of blocking. The treatments were 
either weed-free or weedy soybean and the difference in the level of 
weediness was always apparent.
In 1981 and 1982, experimental field plots were manipulated 
with herbicide applications to create certain weed complexes. 
Although soybean treatments were classified as either weed-free, 
broadleaf-only, grass-only, or mixed-weed, these names are not meant 
to imply that all weed species of a given type (i.e., all broadleaf 
species) have the same effect on arthropod populations. Instead, 
these names denote major weed types of which certain species of 
plants belong, that may or may not have some specific 
interrelationship with arthropod species which were counted.
The difficulty of sampling the weedy plots late in the season 
created concern that the weedy plots would not verify observations 
that the larval numbers were higher around certain weedy areas in 
soybean fields. This concern was disspelled by the results from 
August 26, 1981 and August 28, 1982. The high numbers of small VBC 
and SBL larvae were likely a conservative estimate of the population
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actually present since the sweeping efficiency was reduced by weed 
density. Also, the spatial arrangement of the plots in the 1981 and 
1982 study allowed for free movement of moths across plots which 
further diluted treatment effects and could explain why differences 
in population levels were not greater.
Late instar GCW and early instar VBC populations were higher in 
weed-free fields during mid sampling period and late sampling period 
in 1980, respectively. Late instar GCW larvae and small VBC larvae 
may have been higher in weed-free fields due to the attractiveness 
of the soybean monoculture to ovipositing adults, instead of a more 
diverse habitat containing weeds; or the increase in abundance of 
the pest larvae may reflect a decrease in the level of predation 
since fewer predators were found under weed-free conditions. This 
explanation is supported in this and other studies by the lower 
frequency of predators found in the weed-free fields (Pimentel 1961, 
Dempster 1969, Altieri and Whitcomb 1979). Spiders from the 
families of Lycosidae, Salticidae, Thomisidae, and Oxyopidae were 
more abundant in weedy fields during some period of the 1980 season 
(Table 3). In addition, Geocoris punctipes and Lebia analis were 
also more numerous in weedy fields. These results demonstrate that 
some predators are more abundant in a diverse habitat than in a 
monoculture.
Lower predation levels could explain why more late instar GCW 
larvae and early instar VBC larvae were in the weed-free fields 
during 1980. If predator number is an indication of the level of 
predation in a habitat, weed-free sites likely had lower predation
than in the weedy fields and may explain why more small VBC larvae 
were found in weed-free fields in 1980. However, the situation is 
complicated by the fact that these results differed for large SBL 
larvae in the late sampling period of 1980, for small VBC on August
26, 1981, and for small SBL on August 28, 1982. In these 3
instances, larvae were more numerous in weedy or broadleaf-only 
soybean. If one assumes that the major environmental factors during
1980 which contributed to the higher level of VBC populations in 
weed-free fields (i.e. soybean monoculture, lower predator numbers) 
were the same for SBL, then levels of SBL would also be expected to
be higher in weed-free plots. This was not the case on the dates
mentioned, however, and increased populations of VBC and SBL in 
weedy fields may be a result of the attractiveness of weeds to 
foraging adults. This component will be discussed further.
A complicated situation existed with certain lepidopterous 
pests which occurred at significantly higher levels in the 
broadleaf-only plots. Early instar VBC on August 26, 1981 and early 
instar SBL on August 28, 1982 (Table 4) were of particular interest. 
On these dates the small larval pests were most numerous in the 
broadleaf-only plots, but levels of larvae the next week did not 
follow this pattern. The levels of large VBC on August 18 and 26 of
1981 were greatest in weed-free plots with larval populations in the 
broadleaf-only plots being second or third in magnitude for the 2 
dates. Small VBC in 1980 and large VBC on these dates in 1981 were 
most abundant in weed-free soybean plots. Although these 
differences appear inconsistent, there is a biological explanation
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when viewed carefully. The fact that small VBC and SBL were 
significantly higher in the broadleaf plots on certain dates was 
likely a function of the attractiveness of the broadleaf weeds to 
adult moths. VBC and SBL adults come to forage for nectar on hemp 
sesbania and morning glory. This behavior was documented many times 
during this and related studies (see Chapters 3 and 4). While 
foraging for nectar, VBC moths would oviposit on hemp sesbania and 
both pests species oviposit on nearby soybeans as evidenced by the 
high level of defoliation on both the weed and soybean foliage soon 
afterward.
One week after the high larval pest populations occurred, small 
VBC and SBL larvae were less numerous. In previous weeks, sampling 
on some dates indicated broadleaf-only soybean to have greatest 
numbers of Orius insidiosus, Reduviolus roseipennis, coccinellidae 
immatures, jumping spiders, and wolf spiders. High predator 
populations in broadleaf-only plots may have caused the sudden 
decline in larval number. The results showed an increase in the 
levels of small VBC and SBL larvae during 1 week and a decrease in
larval numbers 1 week later in the weedy fields. Higher levels of
larvae occurred the second week in weed-free plots that contained 
fewer predators.
Many larvae which were considered small one week would have 
developed sufficiently to be considered large larvae the next week. 
Therefore, small VBC larvae from August 26, 1981 and small SBL
larvae on August 28, 1982 which were abundant on these dates would
likely be cohorts of the large larvae found in the same locations on
42
the following week. Since the levels of these 2 larval pests on the 
following week were lower in weedy plots and higher in weed-free 
plots, this indicated a difference in the survival rate of cohorts 
from the different soybean habitats. The reduction in VBC and SBL 
numbers may have been the effects of higher predator numbers which 
had been found in this treatment.
When viewing the association of VBC and SBL populations in 
soybean and the influence weeds can have on both pest and beneficial 
arthropods, the problem is clearly to understand the intertrophic 
level stability. The diversification of the soybean ecosystem by 
the presence of weeds did increase certain predator populations. On 
the dates in 1981 and 1982 when small VBC and SBL population 
increased in weedy plots, levels of abundance may have been caused 
by the presence of blooming morning glory, hemp sesbania, and other 
sources of nectar that attracted foraging adults. It is proposed 
that high beneficial arthropod populations from plots containing 
weeds responded to sudden increases in larval number and brought the 
population peak down to a lower level, since numbers did not remain 
high in the weedy plots the following week. One exception during 
this 3 year study occurred when large SBL larvae remained higher in 
weedy fields during the late sampling period of 1980. In this 
example, predator numbers were higher in weedy soybean habitats, but 
not sufficiently great to reduce the large SBL larvae population 
below levels found in weed-free fields. This was the only instance 
in which large VBC or SBL maintained higher levels in weedy soybean 
habitats. Habitats which contained weeds had greater predators. In 
cases where there was an increase of larval numbers in weedy soybean
treatments, it was due to the attractiveness of weed nectaries.
These treatment differences were only temporary except where large 
SBL larvae were more numerous in weedy fields during 1980.
Regardless of the effect that weeds had in increasing the pressence 
of predators, the level of damage in 1982 was severe enough to 
nearly defoliate the soybean plants by mid September in all 
treatments. Though the concept of diversifying the soybean 
ecosystem to improve intertrophic stability showed some potential, 
clearly the level of control was not satisfactory in the weedy or 
weed-free plots to alter insect management decisions.
Weediness in soybean ecosystems affected arthropod populations 
which resulted in an increase in some species and a decrease in 
others. The results of diversification obtained by manipulating 
soybean weed pests with herbicides did not support the hypothesis 
that weeds have little role in determining arthropod popultions. In 
fact, results indicated that weeds significantly increased certain 
predator groups, as well as, some soybean pests. From these results 
one can argue that diversity is not necessarily a stabilizing 
phenomonen in Louisiana soybean as seen by the increase in numbers 
of small VBC and SBL in weedy plots in 1981 and 1982, but 
diversification did result in higher numbers of many beneficial 
arthropods. Therefore, one must look at each weed species to 
determine the relationship it has with the arthropod complex to base 
any judgement on risk-benefit that the weed species may have 
affecting soybean arthropod populations.
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Chapter III
Adult Velvetbean Caterpillar and Soybean Looper Diets: Effects Of 
Food Quality and Interval of Exposure on Fecundity and Longevity.
Introduction
Insect reproduction requires an adequate supply of carbohy­
drates (Engelmann 1970). He stated that carbohydrates per se do not 
seem to be directly used in yolk formation in the oocytes; however, 
they may be necessary for utilization of dietary protein reserves. 
Carbohydrates affect egg maturation in various species but no 
conclusive information is available to document how, or which sugars 
may actually facilitate the use of proteins in yolk formation 
(Engelmann 1970). Insects have been shown to respond differently to 
certain carbohydrates (Ditman and Cory 1933). They found captive 
corn earworm moths, Heliothis zea (Boddie), more attracted to 
sucrose, invert sugar, and fructose (in that order) than to other 
sugars tested. When captive honey bees were offered various sugar 
solutions, bees preferred sucrose or a mixture in which sucrose was 
dominant (Bachman and Waller 1977). Another study found insect 
pollinators, primarily honey bees and bee flies, did not seek 
nectars of specific sucrose-hexose rations; but instead took nectar 
where caloric reward made it most profitable (Southwick et al.
1981). Moths are mostly nocturnal and often visit flowers which are 
nocturnal and which are frequently pale, whitish to yellowish in 
color, and strongly scented (Kevan and Baker 1983). Data also 
indicate a general correlation with attraction of Lepidoptera to
sucrose-rich nectars (Baker 1978).
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Soybean production in Louisiana is hampered by several 
broadleaf weed species, at least 2 of which produce considerable 
nectar. Hemp sesbania, Sesbania exaltata (Raf.), is a common legume 
which in addition to floral nectaries has extrafloral nectaries on 
the ventral sides of the proximal leaflets. These extrafloral 
nectaries generally occur on the upper 1/3 of the plant and secrete 
nectar during the scotophase. From 0 to 6 nectaries per leaflet 
will produce nectar on which noctuid moths can be observed foraging 
from August to October.
Morningglory species (primarily Ipomoea hederacea Jacquin and 
_I. laconosa L.) are also abundant weeds producing floral nectar. 
Soybean looper Psuedoplusia includens (Walker), moths have been 
found associated with morning-glory in cotton, Gossypium hirsutum L.
(D. F. Clower,—  ^ personal observation). Large soybean looper (SBL) 
larvae were found to be more abundant in weedy soybean plots (See 
Chapter 2) than in weed-free plots. Another important food source 
for adult Lepidoptera in Louisiana is honeydew from Claviceps 
paspali Stev. and Hall, a disease causing Ascomycete. This organism 
attacks Dallis grass, Paspalum dilatum Poiret, florets producing 
sclerotia (ergot) that replace the grain. In August of 1981 sweep 
samples of soybean field margins resulted in a mean of 67.75 
moths/50 sweeps which contained SBL, velvetbean caterpillar,
Anticarsia gemmatalis Raf., and other species which were foraging on 
ergot honeydew (F. L. Collins, unpublished data).
Early-disease symptoms of ergot appear as golden-colored 
droplets of sticky sugary liquid which exude from infected florets.
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The liquid is attractive to insects (Agrios 1978). Moths feeding on 
spiklets of a grass, Paspalum virgatum L . , in the Panama Canal Zone 
were attracted to honeydew of paspali (Karr 1976, Pohl et al.
1979). All Claviceps species produce sphacelial honeydew which aids 
in preservation of the conidia during dry periods and in attraction 
of insect vectors for dispersal of conidia to other hosts (Mower et 
al. 1973). Using a number of biochemical techniques, these 
researchers found several unusual oligosaccharides from the honeydew 
Sphacelia sorghi McRae.
Due to the importance of adult food sources on noctuid egg 
production, a study was conducted which investigated egg production 
and longevity of soybean looper (SBL) and velvetbean caterpillar 
(VBC) moths as affected by carbohydrates, amino acids, and salts. 
Chromatographic techniques were employed to determine the kinds of 
sugars present in adult food sources and a feeding study of nectar 
mimics was conducted. Nectar mimics were prepared with the same 
ratio of sucrose, glucose, fructose and arabinose that were found in 
field collected plant nectar when analyzed by chromatographic 
techniques. Finally, moths were either starved or fed carbohydrates 
for various lengths of time to measure critical feeding periods.
Materials and Methods
Response of female soybean looper moths to sugar, amino acids, and 
salts.
A laboratory experiment was conducted in September and October 
of 1981 in which laboratory-reared soybean looper pupae were sexed 
and separated. During peak eclosion, mated pairs of moths were
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placed into 7.6 liter paper cartons. Bottoms of cartons contained 
moistened vermiculite to increase relative humidity and cheesecloth 
was placed over tops and secured with a close-fitting band.
Treatments were 7 adult food types which included sugar water 
(sugar), salt water (salt), amino acids in solution (AA), sugar 
water + salt water (sugar + salt), sugar water + amino acids (sugar 
+ AA), salt water + amino acids (salt + AA) and sugar water, salts, 
and amino acids (sugar + salt + AA). Open petri dishes (53 mm) 
containing aqueous food treatments were placed into each carton.
®
Each dish contained a 25 mm section of a sterile Johnson & Johnson 
dental roll (wick) to absorb the food solution, provide a resting 
site for feeding moths, and decrease evaporation of the food 
solutions.
The sugar treatment was a 20% w/v solution of sucrose. The
®salt treatment was a 0.025% w/v solution of Wesson salt which is a
common ingredient in insect diets and contains several salt
compounds. The primary components are CaCO^, MnSO^, KC1, K^PO^,
NaCl, Ca„(P0.)„ and traces of 6 other compounds. The AA treatment 
3 4 2
was a 0.4% w/v solution of a combination of 16 amino acids.
Arginine, lysine, leucine, isoleucine, tryptophan, histidine, 
phenylalanine, methionine, valine and threonine were included and 
are considered the 10 essential amino acids of insects (Chapman 
1971). In addition, 6 other amino acids common to insect larval 
diets were included which were aspartic acid, serine, glycine, 
glutamine, alanine, and proline. This treatment contained a total 
of 0.4% w/v of the combined amino acids and is the concentration
found in certain nectar (Baker 1977). Foods were replenished or 
replaced every 2 days.
The experimental design was a completely randomized arrangement 
of 7 treatments with 8 replications. The 56 experimental cartons 
were maintained in an insectary at approximately 25°C with a 14:10 
L:D photoperiod regime. Egg counts were made on alternate days and 
dead moths were removed when present. Analysis of variance was 
performed on numbers of eggs deposited and longevity of female 
moths. Means were separated by Duncan's multiple range test.
VBC and SBL fecundity as affected by nectar mimics and other sugars.
In the summers of 1981 - 1983, qualitative analysis of 
carbohydrate sources of moths was conducted to identify the sugar 
constituents present. Once sugars were known from nectars and 
honeydew, mimic carbohydrate sources could be provided to moths in a 
controlled experimental setting to determine if fecundity was 
affected by different sugars. Chromatographic techniques were used 
to accomplish food source analysis and all nectar for analysis was 
collected from field populations of the various plants..
Nectar from small flower morningglory, Ipomoea laconosa, was 
taken from open flowers between 6:00 am and 8:00 am. Nectar load 
per blossom was typically less than 0.25 ul and nectar from many 
blossoms was collected before 5 ul micro-pipettes were filled.
Cotton subbracteal nectar was collected between 8:00 am to 10:00 am 
and nectar load was greater than those from morningglory but
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generally less than 1.00 ul/flower. Extrafloral nectar from hemp 
sesbania was sampled in late evening (ca. 9:00 pm to 12:00 pm).
Sampling during the day was sometimes attempted but was not as 
successful as sampling during late evenings. Honeydew from ergot on
dallis grass was best collected on hot afternoons when it could be
®
most easily aspirated into the micropipettes. Drummond Wiretrol 5 
ill micropipettes, which utilized a positive displacement plunger, 
dislodged sticky carbohydrates. Micropipettes were sealed with a 
clay based material, Critoseal , to prevent desiccation. Samples 
were then placed in a cool chest, taken to the laboratory, and 
frozen until analized.
Samples from morningglory, hemp sesbania, and ergot honeydew 
were analyzed using paper chromotography techniques in order to find 
relative levels of fructose, glucose, and sucrose. When the samples 
were analyzed, micropipette tips were removed and the plunger was 
used when needed to spot samples on prepared sheets of Whatman #3MM 
chromotography paper. Standard sugars were also spotted along top 
of the paper adjacent to sample and allowed to dry (Watt et al.
1974).
Chromatographs were developed by the descending technique using 
Partridge's solvent (4:1:5 v/v/v mixture of n-butanol:glacial acetic 
acid:water). The tank atmosphere was saturated with the solvent by 
placing it in the upper trough and bottom of the tank and waiting 
approximately 24 hours. The chromatograph was allowed to develope 
for 48-72 hours (Keleti and Lederer 1974, Watt et al. 1974), then 
dried under an evaporative hood, sprayed with aniline-diphenylamine
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(ADPA) reagent (Sigma Chem. Co.)> and heated 10 minutes at 100°C in 
an oven for color development. Relative movement of sugars from the 
samples was then compared to movement of the known sugar standards 
for qualitative determinations. These chromatograms indicated which 
sugars were dominant in a food source, but did not indicate ratios 
of sugar constituents which were needed to prepare mimic food 
sources in laboratory experiments.
Estimation of percent sugar in nectar from small flower morning 
glory, hemp sesbania, cotton, and ergot honeydew from Dallis grass 
was achieved by use of gas-liquid chromatographic (GLC) techniques. 
During the winters of 1981-1983, samples of the carbohydrate sources 
which had been collected and frozen during summer months were placed 
into 1 ml glass vials containing a known quantity of inositol sugar 
standard and were dried overnight at 47°C. O-trimethylsilyl
®
derivatives were produced by the addition of 200 ul of Sil Prep in 
place of the separate trimethylsilylation reagents used by Sweeley 
et al. (1963). The samples and inositol were derivatized for 1 hour 
at 23°C. Sugar standards and samples were analyzed on a 
Perkin-Elmer Sigma-3 gas chromatograph. Two to 5 ul aliquots were 
injected into a 3.6 m x  2.0 mm ID glass column packed with 10%
SP-2100 on 100/120 Supelcoport . Column temperature was programmed 
from 130°C to 280°C at 1°C/ minute and held at the initial and final 
temperatures for 4 and 20 minutes, respectively. Gaseous nitrogen 
was the carrier which was adjusted to flow at 20 ml/minute.
Peak areas were calculated from the height and width at half 
height, and corrected by the response factors of the internal
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standard. Gas chromatographic analysis indicated approximate 
percentages of sucrose, fructose, glucose, and arabinose that the 
natural food sources contained. Results indicated that extrafloral 
nectar of hemp sesbania was predominately sucrose. Pitted morning 
glory floral nectar contained sucrose, fructose and glucose at a 
ratio of 5:1:1, respectively. Subbracteal nectar of cotton 
consisted of fructose and glucose at a ratio of 1:1, respectively. 
Finally, ergot honeydew contained sucrose, fructose, glucose, and 
arabinose at a ratio of approximately 5:1:1:1, respectively.
Another peak containing an oligosaccharide was observed in the GLC 
analysis of ergot honeydew and high-performance liquid 
chromatography (HPLC) techniques were then employed for further 
analysis.
Ergot honeydew was analyzed on a Waters Wisp HPLC using a 
Varian Micropak AX-5 column. Samples were carried in 77.5% 
acetonitrile at 2.00 ml/minute and analysis was conducted at room 
temperature. Using refractive index detection the analysis 
indicated the presence of a major oligosaccharide peak in addition 
to sucrose. This peak separated close to raffinose, and hydrolysis 
with trifiuoroacetic acid followed by GLC analysis of the PAAN 
derivatives showed the peak to be primarily composed of glucose.
Arabinose was found to be less abundant with analysis on HPLC than 
with earlier analysis on GLC. In addition, oligosaccharides were 
found to be large constituents in the honeydew. Nevertheless, the 
5:1:1:1 ratio of sucrose, fructose, glucose, and arabinose remained 
as the honeydew mimic in this test.
Food sources were prepared which mimicked the nectars of hemp 
sesbania, morning glory, cotton, and ergot honeydew. In addition, a 
1:1:1 ratio of sucrose, fructose, and glucose was prepared. Other 
treatments were sugar solutions used alone which included sucrose, 
fructose, glucose, arabinose and raffinose. Water was used as a 
control treatment. Thus, there was a total of 10 food treatments. 
All treatment solutions of sugar were 20% w/v solutions whether 
sugars were fed singly or as combinations (See Table 1).
During the winter of 1982-1983 a laboratory experiment was 
conducted to measure the reproductive response of SBL and VBC moths 
as affected by different carbohydrates. Moths were sexed and paired 
and placed into 3.8 liter paper cartons as described above. The 
various sugar treatments were placed on cotton wicks held in small 
petri dishes as before. Treatment solutions were replenished 2 days 
after initial feeding. Moths remained in cartons for 6 days and 
were subsequently removed. Abdomens were excised and placed in 
alcohol for later dissection.
A completely randomized experimental design was used with 12 
replications of 10 treatments. Experimental cartons were 
maintained at approximately 25°C within an insectary room of the 
laboratory with a 14:10 L:D photoperiod regime and 90% relative 
humidity. The experiment was conducted with VBC beginning 1-18-83 
and was repeated with SBL beginning 3-14-83. At the conclusion of 
each experiment, eggs, which had been deposited on the inside of the 
paper carton and on the cheese cloth were counted. Any larvae were 
also counted, but generally the experiment was concluded before
Table 1. Food treatments in nectar mimic test.
1/ 2/ 
Treatment—  ,— Plant Mimic
1.) 5:1:1:1 Ergot honeydew
2.) 5:1:1 Pitted morning glory
3.) 1:1:1
4.) 0:1:1 Cotton
5.) sucrose Hemp sesbania
6.) fructose
7.) glucose
8.) raffinose
9.) arabinose
10.) water
—  Ratios indicate relative amounts of sucrose, fructose, glucose, 
_ , and arabinose present.
—  All sugar solutions were a total of 20% w/v, regardless of 
whether one or several sugars were used.
larval eclosure.
Mature eggs in the 8 ovarioles, lateral oviducts, and common 
oviducts were counted using a dissection microscope. Eggs were 
considered mature if they were chorionated and had absorbed adjacent 
nurse cells (trophocytes) (Callahan and Chapin 1960, Buntin and 
Pedigo 1983). Spermatophores were teased apart from bursa 
copulatrix and counted. Analysis of variance was performed on 
numbers of mature eggs deposited, numbers present in ovaries, total 
eggs, and on numbers of spermatophores. Means were separated by 
Duncan's multiple range test.
Effects of interval and timing of adult feeding on SBL and VBC 
fecundity and longevity.
A third laboratory experiment was conducted to measure the 
relationship of interval and timing of adult feeding and the effect 
these treatments had on fecundity and moth longevity for both SBL 
and VBC. Treatment duration equalled the length of time that the 
pair of moths were exposed to either a 20% sucrose solution or water 
only (starved). Moths were starved for 1, 2, 3, 4, or 5 days before 
being given sugar solution, or starved continuously. These 6 
treatments were designated as S1-S5 and S",, respectively. Other 
treatments involved moths that were fed for 1, 2, 3, 4, or 5 days 
before being starved or being fed continuously and were designated 
as F1-F5 and F“ , respectively.
Experimental arenas were 3.8 liter paper cartons as were
described earlier. The cotton wick was removed daily and the dish 
was rinsed. Treatment solutions (H^O or 20% sucrose) were 
transferred by pipette onto the wick as dictated by treatment 
regime. Experiments were maintained at approximately 25°C with a 
14:10 L:D photoperiod regime and approximately 90% RH.
A randomized block design was used with 12 treatments and was 
blocked through time since all replications were not conducted on 
the same date. Eight total replications (4 starting on both 
11-10-82 and 12-13-82) were conducted with VBC moths; whereas, 12 
total replications (8 on date 3-14-83 and 4 on the date 4-11-83) 
were conducted with SBL.
Each day eggs found on the cheesecloth or on the inside of the 
paper carton were counted and removed. The experiment was continued 
until all moths died at which time longevity was recorded and 
females were dissected. Eggs were counted in ovaries using the same 
criteria for judging maturity as described in the previous section. 
Spermatophore number was also recorded. Analysis of variance was 
performed on number of eggs deposited, number of eggs within 
ovaries, number of spermatophores, and moth longevity. Means were 
separated by Duncan's multiple range test.
Results
Response of female soybean looper moths to sugar, amino acids, 
and salts
Mean number of eggs deposited by moths for the 7 treatments are 
listed in Table 2. Egg numbers were consistently higher when the
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treatment included sugars. The greatest increase in egg numbers was 
between salt + AA with a mean of 128.3 eggs/moth and sugar + AA with 
431.3 eggs/moth, an average increase of 303 eggs/moth. The 
treatment with the highest mean egg numbers was sugar + salt with 
912.0 eggs/moth. This number is 893.5 eggs more than the value for 
salt alone. Carbohydrates have been established as a prerequisite 
for maximum egg production in some species of moths (Lukefahr and 
Rhyme 1960, Shorey 1963, Jensen et al. 1974) and this evidence 
further substantiates this hypothesis.
Salts alone resulted in poor egg production as seen from the 
mean value of 18.5 eggs/moth. However, when salts were added to 
another food source, they resulted in increases in egg production.
Mean egg numbers per moth for sugar + AA and sugar alone were 431.3 
and 701.0, respectively. When salts were added to these 2 
treatments the corresponding mean values were 686.5 and 912.0 
eggs/moth, respectively. In both cases, the addition of salts to 
the food increased mean egg production by more than 200 eggs/moth. 
However, in both cases the difference in egg number was 
statistically insignificant at the 0.05 level where the food source 
with and without the salts was compared.
Longevity of adult females is also presented in Table 2. All 
treatments which contained sugar resulted in moth longevity that was 
significantly greater (alpha = 0.05 level) than all non-sugar 
treatments. Sugar + salts resulted in greatest moth longevity with 
that of females averaging 14.5 days. Salts and AA treatments 
resulted in the shortest-lived SBL moths at 6.5 days.
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Table 2. Mean eggs deposited and longevity of female soybean 
looper moths when fed different food sources.
Treatment Mean Eggs/Moth Mean Days/Female
Sugar + Salt 912.0
1
a 14.5 a
Sugar 701.0 ab 13.8 a
Sugar + Salt + Amino Acids 686.5 ab 12.3 a
Sugar + Amino Acids 431.3 be 14.3 a
Salt + Amino Acids 128.3 cd 7.8 b
Salt 18.5 d 6.5 b
Amino Acid 3.5 d 6.5 b
* Values followed by the same letter are not significantly 
different at P<0.05, by Duncan's multiple range test.
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VBC and SBL fecundity as affected by nectar mimics and other sugars
The mean number of eggs deposited by VBC moths, the number of 
mature eggs in the ovaries, and the total number of eggs combined 
are listed in Table 3. Spermatophore number is also included in 
this table. Moth fecundity was measured in response to 9 different 
carbohydrate combinations and water. The same dependent variables 
were measured for SBL moths in response to the carbohydrates and 
water and are listed in Table 4. Overall egg production in VBC 
females was lower than that of SBL and may be due to a reduction of 
colony vitality through the winter. However, the response 
tendencies are similar for each species.
Mean VBC egg numbers deposited on carton and cheesecloth were 
lowest for the arabinose treatment with only 3.8 eggs/female 
(Table 3). The other sugars either alone or in combination resulted 
in significantly more eggs deposited except for the treatment with a 
1:1:1 ratio of sucrose, fructose, and glucose which yielded a mean 
level of 75.1 eggs/female. This was not significantly lower than 
values for some of the other sugars but was significantly lower than 
sucrose, glucose, and fructose when fed separately. The values for 
eggs deposited by SBL moths on the carton and cheesecloth are shown 
Table 4. Again, egg numbers from the treatments arabinose and water 
were well below the values of the other sugars. The increase in 
eggs deposited when fed water and when fed raffinose was 22.5 and 
278.7 respectively. All other values for egg productivity fell 
between the results of raffinose and that of the 1:1 ratio of
Table 3. Fecundity of VBC moths in response to carbohydrate food treatments.
Mean eggs Mean eggs Sum of eggs Number of
j. 2/ deposited^/ in ovaries per spermatophores
Treatment—  per female—  per female female per female
Sucrose 232.2 a 54.5 b 286.7 a 1.50 a
Glucose 200.9 ab 71.4 b 272.3 a 1.33 a
Fructose 186.9 ab 63.9 b 250.8 a 1.17 a
5:1:1:1 (S,F,G,A) 151.8 abc 83.9 ab 235.7 a 1.42 a
Raffinose 134.6 abc 34.4 c 169.0 a 1.33 a
0:1:1 (S,F,G) 129.7 abc 85.0 ab 214.7 a 1.42 a
5:1:1 (S,F,G) 119.5 be 42.5 be 162.0 a 1.64 a
1:1:1 (S,F,G) 75.1 cd 129.1 a 210.6 a 1.70 a
Water 19.2 d 1.8 c 20.9 b 0.92 a
Arabinose 3.8 d 1.3 c 5.1 b 1.42 a
_/ Ratios are composed of sucrose, fructose, glucose, and arabinose in the order and 
_ , magnitude listed.
-=•» All sugar solutions are 20% w/v, whether fed singly or as a combination.
—  Means followed by the same letter are not significantly different at P<0.05, by 
Duncan's multiple range test.
Table 4. Fecundity of SBL moths in response to carbohydrate food treatments.
Mean eggs Mean eggs Sum of eggs Number of
1/ 2/ Treatment—  ,—
deposited- , 
per female—
in ovaries per spermatophores
per female female per female
0:1:1 (S,F,G) 837.3 a 339.9 ab 1177.3 a 2.75 a
Glucose 836.0 a 309.6 ab 1145.6 ab 2.73 a
1:1:1 (S,F,G) 826.6 a 319.9 ab 1146.5 ab 2.50 a
Fructose 634.1 ab 378.5 ab 1012.6 ab 2.33 a
5:1:1 (S,F,G) 591.6 abc 384.8 ab 976.4 ab 2.42 a
Sucrose 584.2 abc 379.0 ab 963.2 ab 2.45 a
5:1:1:1 (S,F,G,A) 391.9 be 421.6 a 813.5 be 2.08 a
Raffinose 278.7 cd 329.3 ab 607.9 c 1.92 a
Water 22.5 d 229.8 b 252.3 d 2.00 a
Arabinose 0.0 d 1.4 c 1.4 d 0.00 1
—  Ratios are composed of sucrose, fructose, glucose, and arabinose in the order and 
magnitude listed.
-V/ All sugar solutions are 20% w/v, whether fed singly or as a combination.
—  Means followed by the same letter are not significantly different at P<0.05, by 
Duncan's multiple range test.
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fructose and glucose with a mean of 837.3 eggs/female.
Mature egg counts from dissections of VBC indicated moths fed 
arabinose and water contained the lowest numbers. All other sugars 
resulted in values that occurred between raffinose and the 1:1:1 
ratio of sucrose, fructose, and glucose which corresponded to 34.4 
and 129.1 eggs/moth, respectively. Dissections of SBL females 
indicated ovarian egg counts to be significantly lowest when fed 
arabinose. Even water resulted in significantly more egg production 
than did arabinose. All other values fell between the low of 309.6 
eggs/female for glucose and the high of 421.6 eggs/female for the 
5:1:1:1 treatment with sucrose, fructose, glucose, and arabinose.
Thus, when arabinose is combined with other sugars, it has little or 
no adverse effects; but when given alone, egg production results 
were consistently lower.
Total egg counts were the sum of the eggs deposited and those 
found in the ovaries after dissection. For both VBC and SBL the 2 
treatments which resulted in significantly lower egg production were 
arabinose and water. Water had a less detrimental effect than did 
arabinose alone. Arabinose when fed alone tended to cause early 
mortality of moths. Resulting egg production was minimal. The 3 
treatments that resulted in greatest total egg production for VBC 
were sucrose, glucose, and fructose in that order. Sugar treatments 
for maximum egg production by SBL were the 1:1 ratio of fructose and 
glucose, 1:1:1 ratio of sucrose, fructose, and glucose, and glucose 
alone.
Spermatophore count was not dependent on sugar treatments
except in the case adult SBL that were fed arabinose. These moths 
usually did not mate or survive the 6-day experimental period and 
therefore, showed a significantly lower spermatophore count. All 
VBC females ranged between the low of 0.92 spermatophores/female 
when fed water" to a high of 1.70 when fed a 1:1:1 ratio of sucrose, 
fructose, and glucose. Even the VBC moths feeding on arabinose 
averaged 1.42 matings/female. The low spermatophore count for SBL 
with the exception of arabinose, was exhibited by raffinose with 
1.92 spermatophores/female. The high value was with the treatment 
of 1:1 ratio of fructose and glucose which yielded 2.75 
spermatophores/female. None of the treatments significantly 
affected spermatophore numbers except arabinose for SBL with a mean 
of 0.
Effects of interval and timing of adult feeding on SBL and VBC 
fecundity and longevity.
In this experiment moths were monitored and egg counts were 
taken until moths died. Since moths oviposited until senescence, 
egg counts within ovaries were low. Therefore, eggs where not 
divided into those deposited on the carton and those found mature 
within the ovaries. Instead, only mean total eggs were analyzed. 
Other variables measured included mean number of days before 1/2 of 
the total egg complement was deposited (half complement) and moth 
longevity. Before analysis was performed, criteria were set for 
moth pairs to be included in the analysis. If a given pair had not 
mated and had fewer than 100 total eggs, the data from that pair 
were not used. This tended to eliminate the few abnormal or weak 
individuals which did not mate or produce eggs. The consequence was
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some reduction in variability of the data. Of the 96 experimental 
VBC pairs set up initially, 10 pairs were eliminated due to their 
failure to pass the necessary criteria. Of the 144 SBL pairs 
monitored, 122 pairs passed the required criteria.
Total egg means for VBC are seen in Table 5. The treatments 
with highest egg numbers were F°°, SI, F5, and F4. These treatments 
involved feeding moths for a long period or being starved for 1 day 
before being fed continuously. Treatments which resulted in lowest 
egg numbers were S00, S5, and FI. In cases S00 and S5, respectively, 
the moths were never given carbohydrates, or not given food until 
after 5 days. Data indicated a period of 5 days before feeding is 
too long a time to wait to enable moths to produce high egg numbers. 
Treatment FI did not allow a sufficient period for feeding to enable 
moths to develop potential egg numbers. The difference between the 
egg numbers from S5 and S4 are significantly different at the alpha 
= 0.05 level. The increase in egg number due to 5 versus 4 days of 
starving is 203.6 to 616.4 eggs/female, respectively. This may 
indicate that moths can recover from 4 days of starvation but that 5 
days of starvation causes a drastic reduction in the ability of the 
moths to recover their egg production potential. Egg production by 
SBL moths followed similar patterns (Table 6). Egg numbers were 
greatest if moths were fed continuously or if fed for 3-5 days 
before being starved. Si was also a treatment with high egg numbers 
and indicated that starving for 1 day had little if any effect on 
egg production. Treatments in which moths were starved for 4-5 
days, or continuously, resulted in lowest egg production.
Table 5. Interval and timing of food availability on fecundity and longevity of velvetbean
caterpillar moths.
2/
j/ Total egg- 
Treatment—  means
Spermatophore
means
3/Mean days before— 
\ complement
Mean
Female
Longevity
Mean
Male
Longevity
foe 818.3
1
a 1.75 ab 6.25 be 16.25 abc 20.50 a
F5 755.3 a 2.14 a 6.71 ab 13.43 bed 16.86 ab
F4 749.6 a 1.43 ab 6.25 be 12.50 cd 17.88 ab
F3 552.0 ab 1.67 ab 6.33 be 10.17 de 16.33 abc
F2 572.9 ab 1.75 ab 6.25 be 10.38 de 16.00 abc
FI 301.0 be 1.43 ab 5.57 be 9.29 de 11.63 be
SI 757.5 a 1.67 ab 8.50 ab 18.67 a 20.67 a
S2 551.3 ab 1.75 ab 8.50 ab 16.25 abc 20.50 a
S3 691.6 a 2.00 ab 7.25 ab 15.75 abc 21.71 a
S4 616.4 a 2.00 ab 9.57 a 17.43 ab 18.67 ab
S5 203.6 c 1.00 b 7.57 ab 12.14 cd 15.86 abc
S“ 86.0 c 1.00 b 3.67 c 7.83 e 9.67 c
—  Treatment names indicate the length in days that moths were either starved (S) or fed (F) 
. before feeding regime was switched. The symbol 00 indicates the treatment was continuous.
—  Means followed by the same letter are not significantly different at P<0.05, by Duncan's 
Multiple Range Test.
—  Days before \ of the total egg complement was deposited.
Table 6. Interval and timing of food availability on fecundity and longevity of soybean looper
moths.
2/l , Total egg- 
Treatment—  means
Spermatophore
means
3/Mean days before—  
\ complement
Mean
Female
Longevity
Mean
Male
Longevity
poo 1407.3 a 1.60 abc 8.90 ab 13.00 a 9.80 be
F5 1123.1 ab 2.18 ab 7.46 abed 10.46 abed 12.80 ab
F4 1062.5 ab 2.27 ab 7.46 abed 9.91 abed 10.60 be
F3 1122.3 ab 2.89 a 6.20 bed 10.50 abed 10.80 be
F2 993.3 abc 2.08 abc 7.08 abed 9.58 bed 10.67 be
FI 873.6 bed 1.50 abc 4.38 d 7.67 d 7.78 c
SI 1159.1 ab 1.89 abc 7.22 abed 11.22 abc 14.44 a
S2 845.3 bed 1.73 abc 8.18 ab 12.00 ab 10.55 be
S3 962.0 abc 1.56 abc 8.22 ab 12.11 ab 9.33 c
S4 538.6 cde 2.10 abc 8.10 abc 12.50 ab 9.30 c
S5 419.5 de 0.70 c 10.30 a 12.20 ab 8.40 c
S“ 300.9 e 1.36 be 4.91 cd 8.64 cd 8.45 c
—  Treatment means indicate the length in days that moths were starved (S) or fed (F) before 
. feeding regime was switched. The symbol 00 indicates the treatment was continuous.
—  Means followed by the same letter are not significantly different at P<0.05, by Duncan's 
Multiple Range Test.
—  Days before ^ of the total egg complement was oviposited.
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Spermatophore numbers are given in Table 5 and Table 6 for VBC 
and SBL, respectively. For VBC the maximum number of 2.14 
spermatophores/female was reached with treatment F5. This value was 
significantly higher at the alpha = 0.05 level than the value of 1.0 
which occurred for both S°° and S5. SBL spermatophore numbers were 
also lowest for S00 and S5 at 1.36 and 0.70, respectively. Highest 
values occurred with treatments F3, F4, and F5 which corresponds 
with 2.89, 2.27, and 2.18 spermatophores/female, respectively.
Values for the length of time before 1/2 of the total egg 
complement is oviposited can be found in Table 5 and Table 6 for VBC 
and SBL, respectively. This variable is an indication of the rate of 
oviposition. A small value indicates a rapid rate of egg production 
and oviposition; whereas, a large number indicates a greater length 
of time before oviposition is completed. For VBC the treatments in 
which moths were starved for 1-5 days resulted in the longest 
periods before the 1/2 complement was oviposited. However, if the 
moth was starved continually, the eggs were all deposited during the 
first few days and no recovery occurred thereafter. When moths were 
fed for 1-5 days and then starved, all oviposition occurred early 
with a distinct reduction after peak production. When starved for 
several days before feeding, moths would oviposit some portion of 
their egg complement early and after receiving carbohydrates would 
again increase egg production. The shortest length before reaching 
1/2 the total complement of eggs was for treatment STO with 3.67 
days. The longest length of time was for treatment S4 with 9.57 
days. SBL egg production followed a similar trend. If starved for
a period before being fed, the length of time before 1/2 of the egg 
complement was oviposited was extended. An exception was treatment 
F00 which had the second longest period at 8.90 days. The longest 
period was for S5 at 10.30 days. The shortest periods were for FI 
and S°° with 4.38 and 4.91 days, respectively.
Longevity for VBC and SBL males and females are given in Table 
5 and Table 6, respectively. Female VBC moths lived longest when 
starved for 1-4 days before feeding. The oldest VBC females 
occurred in treatment SI and they lived 18.67 days. Shortest- lived 
females were given only water (starved) continuously and lived 7.83 
days. If moths were fed sugar for 1-3 days and then starved, the 
life span was significantly shorter than if the moths were starved 
initially as in treatments SI, S2, and S4. Male VBC lived for a 
mean of 21.71 days when starved for 3 days initially. The shortest 
mean period was 9.67 days which resulted from starving continuously. 
SBL females had greatest mean life span of 13.00 days when fed 
uninterruptedly. However, when starved for 1-5 days life span was 
longer than when fed for 1-5 days then starved. The shortest life 
span was 7.67 days when fed 1 day then starved. SBL males ranged 
from a low of 7.78 days for treatment FI to a high of 14.44 
days for SI.
Discussion and Conclusions
A series of 3 experiments were conducted to answer several 
basic questions in regard to nutrition of adult VBC and SBL. First, 
a basic comparison between the 3 primary food groups available to
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moths was necessary. This experiment compared salts, amino acids, 
sugars and all combinations on SBL fecundity. Second, a test of the 
effects of different sugar constituents was needed to determine if 
nectar composition could alter VBC and SBL moth fecundity. The 
third question was to determine at what time VBC and SBL moths were 
most likely to benefit from a carbohydrate meal.
Carbohydrates are the most important of nutrients to VBC and 
SBL moths. The first experiment in this series demonstrated the 
essentiality of sugar to maximize egg production which has been
demonstrated in other works (Lukefahr and Rhyne 1960, Jensen et al.
®
1974). Yet, by adding a small quantity of Wesson salt to the sugar 
solution, the egg numbers increased in excess of an average of 200. 
Mixed amino acids in solution had inhibitory effects on these moths, 
but research has shown butterflies increase longevity by feeding on 
protein sources (Pianka et al. 1977). These examples demonstrate 
that small changes in nutrient sources can make large differences in 
food quality and thereby, affect egg numbers and moth longevity.
Moth fecundity was affected by feeding different sugars.
Arabinose which was found to occur in ergot honeydew did not supply 
necessary nourishment when used alone and significantly (alpha =
0.05) reduced egg production in both VBC and SBL. Yet, when used in 
combinations with other sugars the level of egg production was not 
significantly different (alpha = 0.05 level) from the levels of egg 
production of sugars which demonstrated highest egg production.
Highest levels of egg production by VBC moths occurred when they 
were fed simple sugars, but these were not significantly different
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(alpha = 0.05 level) from sugar combinations. SBL moths did not 
demonstrate any consistent trends correlating sugar types to egg 
production, except that arabinose and raffinose did not appear as 
beneficial as other sugars tested. Spermatophore numbers were not 
significantly different (alpha = 0.05 level) for the various 
treatments, with the exception of SBL moths which were fed arabinose 
and contained no spermatophores.
Availability of food produced significant effects on fecundity 
and longevity. When VBC and SBL moths fed for only the first day, 
they produced significantly lower number of eggs than when fed 4-5 
days or continuously, depending on the species. VBC starved for 5 
days before feeding produced a mean of 203.6 eggs/female. However, 
if they were starved for 4 days before feeding, the level of egg 
production increased to a mean of 616.4 eggs/female. This may 
indicate a critical period in the physiological state of the moths.
If the moths are starved in excess of 4 days, their capacity to 
produce eggs is hindered. Yet, with 3 or 4 days of starving before 
feeding they produced significantly higher egg numbers. A similar 
result occurred with SBL. Egg numbers for females starved for 5 
days were significantly lower than for those starved for 2 or 3 
days. This demonstrated the importance of timely feeding on nectar 
by VBC and SBL. Continuous access to carbohydrate sources resulted 
in 3 to 4 times more eggs of both VBC and SBL than when the moths 
were given only water for 5 days before feeding.
Mean spermatophore numbers in females were highest for VBC when 
fed 5 days and then starved. The mean was 2.14 spermatophores/
female. The number of spermatophores for SBL were highest with 
treatment F3 with a mean of 2.89 spermatophores/female. In both 
cases the highest number of successful matings occurred when mites 
were fed early in the life of the adult or when they were starved 
for only a short period before feeding.
Following extended periods of being given only water and then 
being fed sucrose, oviposition reoccurred and resulted in 
significantly longer periods of time before 1/2 of the total egg 
complement was oviposited. This resulted in an extension of the 
reproductive period of the moths. Treatment S5 of SBL resulted in a 
mean of 10.30 days; whereas, treatment FI had a 1/2 complement time 
of 4.38 days. Thus, timing of the carbohydrate feeding influenced 
the period of reproductive viability of moths.
Longevity of VBC moths reached a maximum mean value of 18.67 
days and 21.71 days for females and males, respectively. Longest 
life spans occurred when moths were first starved before feeding. 
However, short life spans occurred when moths were starved 
continuously or fed for 1-3 days then starved. This was most 
detrimental on VBC females which required extra energy for egg 
production.
Longevity of SBL moths reached a maximum mean value of 13.00 
days and 14.44 days for females and males, respectively. The 
maximum average female life span occurred when food was provided ad 
libitum, whereas, the maximum average male life span occurred when 
moths were starved for 1 day and then fed ad libitum. Females 
tended to die earlier if fed for 1-5 days then starved. Males
73
reacted differently and tended to die earlier when starved for 2-5 
days or continuously starved. This may indicate a different 
physiological requirement between SBL females and males for timing 
of carbohydrate feedings. Females may use stored energy which was 
acquired as larvae and then resort to natural sugar sources to 
maintain energy requirements when reserves are consumed. The fact 
that SBL males had decreased longevity when starved initially, may 
indicate a difference in level of feeding. If males did not feed on 
sugars after being starved, then their deaths would likely occur 
earlier than the females who do feed on the sugars. However, no 
documentation was made as to the sex of moths feeding.
These experiments demonstrated the importance that food sources 
play on fecundity and longevity of adult VBC and SBL. Certain 
sources of nutrients such as honeydew of ergot may have great 
influence on late season population peaks of VBC and SBL since this 
food source is high in sugar and readily available. This study 
demonstrated that accessibility of carbohydrates can influence moth 
longevity and reproductive capacity. Finally, many different nectar 
constituents fed singly or in combinations to VBC and SBL moths are 
adequate sources of energy for maximum egg production. It is the 
belief of the author that reducing access to carbohydrates for field 
populations of VBC and SBL moths in late season can result in a 
reduction of reproductive potential in these pests. Diversification 
of the soybean ecosystem by the addition of hosts of pest species 
may have no benefit in promotion of stability to the insect complex 
and in some cases increase pest numbers to the point of instability 
of pest populations.
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Chapter IV
Reproductive Response of Caged Adult Velvetbean Caterpillar 
and Soybean Looper to the Presence of Weeds
Introduction
Adult lepidopteran pests of cotton feed on cotton nectar which 
increases egg production (Lukefahr and Rhyne 1960). In caged 
populations they found levels of cotton leafworm, Alabama argillacea 
(Hbn.), and cabbage looper, Trichoplusia ni (Hbn.) , 7 to 10 times 
higher on cotton with extrafloral nectaries as on nectariless 
varieties. In Louisiana, outbreak levels of soybean looper, 
Pseudoplusia includens (Walker), occur in soybean during August and 
September which coincides with nectar production in nearby cotton 
(Burleigh 1972). Burleigh proposed that the high level of 
infestation in soybean grown adjacent to cotton may be caused by 
moths feeding on abundant cotton nectar before returning to oviposit 
in soybean. Soybean looper (SBL) oviposited as many eggs when fed 
10 cotton blossoms/day as when supplied a continuous source or 10% 
honey (Jensen et al. 1974). Their results supported the hypothesis 
that adult soybean loopers feeding on cotton nectar is a major 
reason for outbreaks of this pest on soybean when grown near cotton.
Numerous wild flowers have been analyzed to determine nectar 
constituents (Wykes 1952, Oertel 1958, Percival 1961). Most nectars 
from these studies contained sucrose, glucose, and fructose either 
alone or in combination. Although studies indicate an increase in 
beneficial arthropod numbers when crops are diversified by weeds
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(Leius 1967, Lewis 1969, Dempster 1969, Altieri and Todd 1981,
Shelton and Edwards 1983). No information is published on the 
effect that nectar from weeds has on SBL and velvetbean caterpillar 
(VBC) numbers. Cages in a greenhouse and in the field were used to 
study the effect on fecundity of VBC an SBL when exposed to common 
nectar producing weeds.
Materials and Methods
Ovipositional response of adult SBL to various caged nectar sources 
and VBC ovipositional response to three densities of hemp sesbania 
in greenhouses.
Laboratory-reared SBL pupae were sexed and separated. Moths 
were paired and transferred to a greenhouse within separate 8 oz. 
paper cups. Moth pairs were released into separate 0.6 m. by 0.6 m. 
by 0.9 m. screened cages within the greenhouse. All cages contained 
nonblooming soybean plants as an ovipositional substrate plus 1 of 
several plant species (treatment). Treatments involved exposure of 
moth pairs to different plant species or different phenological 
stage of a plant species. The treatments included soybean, Glycine 
max (L.) Merr. without blooms, soybean with blooms, hemp sesbania, 
Sesbania exaltata (Raf.) with extrafloral nectaries, cocklebur, 
Xanthium strumarium L. in bloom, morning glory, Ipomoea lacunosa L. 
and I. hederacea L. in bloom, and cotton, Gossypium hirsutum L. in 
bloom. Soybean without blooms was a control treatment and all 
treatments were common plant conditions to which moth pests of 
Louisiana soybean would likely be exposed. The experiment was a 
randomized complete block design with 6 treatments, 3 blocks, and 4
replications/block. Each treatment was replicated 4 times for each 
block (date) and the entire experiment was repeated through time for 
a total of 3 blocks. The experiment was initiated on 8-15-81,
9-6-81, and 10-9-81. Therefore, each treatment was replicated a 
total of 12 times with the exception of cotton which was not tested 
in the first block and totaled only 8 replications.
On occassions before the greenhouse experiment was conducted, 
experimental plants that were grown in the greenhouse were measured 
for nectar production. One to 5 _yl micropipettes were used to 
collect floral nectar from cotton and morning glory and extrafloral 
nectar from sesbania. Although, cocklebur and blooming soybean did 
not produce droplets of nectar sufficiently large for collection, 
blooms of these plants had been observed in the field as food 
sources for foraging honey bee. Therefore, they were included as 
potential food sources for moths.
Moths were released into cages and daily egg counts were made 
afterwards of eggs deposited on both the treatment plant and the 
nonblooming soybean from each cage. Analysis of variance was 
performed on egg number and means were separated by Duncan's 
multiple range test.
A similar study was conducted within cages in a greenhouse in 
1982. However, the objectives were somewhat different. VBC were 
tested on hemp sesbania alone as a nectar source. The experiment 
was a randomized complete block arrangement of 4 treatments. The 
treatments were the density of hemp sesbania present in the cage. 
Three densities of hemp sesbania were used where 1, 2, and 3 plants
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indicated low, medium, and high density, respectively. A fourth 
treatment was a control which contained only nonblooming soybean 
plants and all other cages which contained hemp sesbania also 
contained a soybean plant as an ovipositional substrate. Each of 
the 4 treatments was replicated 4 times/block and the experiment was 
conducted in 2 blocks. Blocks were the dates of experimentation 
beginning 11-9-82 and 12-8-82.
Moths were sexed, separated, paired, and released as in the 
previous greenhouse study. After 5 days in the cages, moths were 
collected from cages and placed separately in labeled diet cups.
Eggs from both hemp sesbania and soybean foliage were counted and
recorded. In the laboratory, moths were dissected and mature eggs
counted. Eggs were considered mature if they were chorinated and if
the nurse cells (trophocytes) adjacent to the egg had been adsorbed 
(Callahan and Chapin 1960, Buntin and Pedigo 1983). Spermatophores 
were also counted and both egg numbers, and spermatophore numbers as 
affected by treatments were compared by analysis of variance. Means 
were separated by Duncan's multiple range test.
Response of the reproductive system of female VBC and SBL after 
exposure to weedy and weed-free soybeans in field cages.
A study was conducted at St. Gabriel, Louisiana in 8 screen 
cages, each with dimensions of 15 m. x 15 m. The object was to 
compare the reproductive systems of VBC and SBL moths after being 
caged in large field cages which contained weedy or weed-free 
soybeans. On 5-31-82, 14 rows of Bragg soybean were planted per
cage. Morning glory, hemp sesbania, smart weed (Polygonum 
pensylvanicum L.), and cocklebur seeds were planted in each of 4 
randomly chosen cages. These 4 cages were designated as weedy cage
and later contained other weed species besides those planted. The
®
other 4 cages were weed free cages and had metribuzin (Lexone ) at
®
0.56 kg a.i./ha and alachlor (Lasso ) at 3.36 kg a.i./ha applied at
®
planting. Four weeks later acefluorfen (Blazer ) 0.69 kg a.i./ha
®
and bentazon (Basagran ) 2.07 kg a.i./ha were applied as an 
overtop application within the weed free cages. A narrow band was 
applied between rows in the weedy cages to prevent weeds from 
completely covering soybean plants. To control mortality of
released insects due to predators, 10% chlordane granules were
®
applied with a cyclone spreader and 0.69 kg a.i./ha of permethrin
®
(Ambush ) was applied with a back pack sprayer on 6-3-82 and 7-3-82 
respectively.
Density of weeds in cages was ranked using a herbicide ranking 
scale where 1 indicated no control and 10 indicated complete 
control. Weed-free cages ranked 10 and had complete weed control; 
whereas, weedy cages were ranked 2-3 with numerous weed plants 
present. Weeds which were present in weedy cages included pitted 
morning glory, I. lacunosa L., entire leaf morning glory, I_. 
hederacea (L.), Virginia copper-leaf, Acalypha virginicia L., 
Verbena bonariensis L . , giant ragweed, Ambrosia trifida L., prickly 
sida, Sida spinosa L., barnyard grass, Echinocola crus-galli (L.) P 
Beauv., wild lettuce, Lactuca canadensis L., cocklebur, Xanthium 
strumarium L., smooth pigweed, Amarantus chlorostachys Willd., 
goldenrod, Solidago spp. hemp sesbania, and Pennsylvania smartweed.
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Large releases of laboratory-reared SBL moths were made 7-3-82 
and 7-25-82 with approximately 100 moths released in each of the 8 
cages on both dates. Sexing of moths indicated a near-equal 
proportion of males and females. Adult SBL were also released 
10-3-82, 10-8-82, and 10-12-82 with about 50 moths/cage released on 
each of these dates. Adult VBC were released on 8-31-82 with 
approximately 100 moths/cage. Experimental blocks were designated 
for each time that moths were captured and brought into the 
laboratory for dissection. VBC moths were captured on 3 dates 
(blocks), 9-28-82, 10-1-82, and 10-3-82. SBL moths were captured on 
10-8-82, 10-12-82, and 10-16-82. Moths captured were either F^ 
progeny of early releases or were captured 5 days after release, 
which was determined by the presence of yellow flourescent dye that 
had been sprayed on released moths. However, only 4 moths were 
captured that had been sprayed with dye. This indicated the 
majority of captured moths were progeny of earlier releases.
Moths were captured using aerial nets in the evening or by the use 
of 10 dram plastic cups as moths rested on cage screens at night.
Moths were returned to the laboratory and dissected. Mature 
eggs found in the 8 ovarioles, lateral oviducts, and common oviduct 
were counted as described earlier. Spermatophore numbers were 
counted and means of eggs and spermatophores were compared by 
analysis of variance with means separated by Duncan's multiple range 
test.
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Results
Ovipositional response of adult SBL to various caged nectar sources 
and VBC ovipositional response to three densities of hemp sesbania 
in greenhouses.
SBL responded to the presence of cotton by increased egg 
production. This is not surprising considering the similar results 
obtained by Jensen et al. (1974). The mean number of eggs counted 
from the plants in the cotton treatment was 352.5 eggs/female. This 
value is more than two times as high as the nearest value which was 
from soybean with blooms (Table 1), which resulted in a mean of 
169.5 per female.
The results indicated that cotton, which produced visually 
larger nectar loads per plant than the other plants tested, was an 
excellent source of carbohydrates for SBL. Since cotton produces 
nectar from subbracteal, circumbracteal, floral, and foliar 
nectaries (Butler et al. 1972), many plants of the other species 
tested might be needed to equal the volume of nectar that cotton 
produces from 1 plant (F. L. Collins, unpublished data).
In contrast, hemp sesbania was a poor source of nutrient for 
SBL moths in the experiment and resulted in small values for egg 
production with a mean of 8 eggs/female. This result is surprising 
in light of the strong preference that VBC moths show to this plant 
(see Chapter 3). From 0-6 extrafloral nectaries (typically 2) were 
found on the ventral sides of proximal leaflets on the top 1/3 of 
the plant. The most abundant nectar source of hemp sesbania 
appeared to be from extrafloral nectars, although observations of 
moths feeding on floral nectar were made. The average amount of
Table 1. Mean egg numbers from SBL adults in cages containing
various plants as nutrient sources.
Treatment
Number of 
Replications
Meanr^ number 
of oviposited eggs
Cotton with blooms 8 352.5 a
Soybean with blooms 11 169.5 b
Soybean without blooms 12 140.8 be
Morning glories with blooms 12 104.1 be
Cocklebur with blooms 12 61.0 be
Hemp sesbania with 
extrafloral nectaries 12 8.0 c
—  Means followed by the same letter are not significantly 
different at P<0.05, by Duncan's multiple range test.
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nectar collected from each extrafloral nectary was approximately 
0.25_yl. Since VBC moths exhibited a strong positive response to 
sesbania (1982 greenhouse exp., see next section), poor egg 
production by SBL after foraging on sesbania may indicate the 
presence of some inhibitory compound; but no known cause of this 
result was established.
Morning glory was marginal as a source of nutrient compared to 
cotton, even though SBL moths are attracted to morning glory found 
in cotton (Dan Clower,—  ^ personal observation). The moderate level 
of egg production may be a result of weak nectar flow of the weeds 
when under greenhouse conditions. However, nectar was collected on 
several occasions in the greenhouse from morning glory, sesbania, 
and cotton. The only blooming plants tested from which no nectar 
was collected into pipettes were soybean and cocklebur. Although no 
droplets of nectar were seen on these 2 plants, honey bees were 
observed probing blooms with their proboscis on both plants while in 
the field and were therefore, considered as possible nectar sources 
for moths.
The second greenhouse experiment was conducted 1 year later 
using VBC moths. In this study VBC adults were placed in cages with 
different densities of hemp sesbania. Results indicated a positive 
response of the moths to increased densities of hemp sesbania. The 
high and medium density treatments resulted in mean values of 219.4 
eggs/female and 169.3 eggs/female, respectively. These 2 treatments 
were not significantly different (alpha=0.05 level) from one 
another; however, moths from the high density treatment had
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significanly higher numbers of eggs than moths from the low 
treatment and control (Table 2). The control treatment was 
significantly lower than the others with a mean of 20.1 eggs/female. 
Unlike the previous experiment where only oviposited eggs were 
counted, mean egg values in 1982 included both oviposited eggs and 
those counted within the ovaries. Spermatophore numbers were not 
significantly different.
Response of the reproductive system of female VBC and SBL after 
exposure to weedy and weed-free soybeans in field cages.
At the time when both SBL and VBC moths were captured from 
field cages, many of the weed species were blooming or had recently 
bloomed. Species still blooming in September and early October 
included morning glory, smartweed, birdeye (Caparonia palustris (L.) 
St.-Hil.), redweed (Melochia corchorifolia L.), hemp sesbania, and 
Verbena. Sixty-four of the 89 nightime observations of moth 
foraging were instances of VBC feeding on hemp sesbania. The 
feeding was rarely on floral nectar. The moths were primarily seen 
probing with their proboscis on leaflets for extrafloral nectar or 
for honeydew deposited by the banded-winged whitefly, Trialeurodes 
abutilonea (Haldeman). An adult lepidopterous pest of rice, 
Cnaphalocrocis medinalis (Guen&e) feeds on the honeydew of the brown 
planthopper, Nilaparuata lugens (St&l) (Waldbauer et al. 1980).
Thus, honeydew can be an important carbohydrate source for foraging 
moths. Other instances of moth foraging occurred with VBC and SBL 
feeding on blooms of prickly sida, wild lettuce, redweed,
Table 2. Mean egg and spermatophore numbers from VBC adults in
cages containing various densities of hemp sesbania.
Treatment
Number of 
populations
w !/»2/Mean number—  —
of total eggs
Mean number of 
spermatophores
High density 8 219.4 a 1.38 a
Medium density 8 169.3 ab 0.88 a
Low density 
Control—
8 121.9 b 1.00 a
8 20.1 c 0.88 a
—  Means followed by the same letter are not significantly 
different at P<n.05, by Duncan's multiple range test.
2 /
Total eggs were derived from both eggs oviposited and eggs 
found in ovaries after dissection.
3/—  Control treatment contained only soybean, whereas, other 
treatments contained hemp sesbania in addition to a soybean 
plant used as a ovipositional substrate.
morningglory and rarely on smooth pigweed.
Observations of released moths were made within the cages on 
7-8-82, 7-12-82, 7-25-82, and 7-27-82. Observations were made each 
night for approximately 2 hours and only 2 occurrences of moths 
feeding were documented during these 4 periods. However, by late 
August and September moth activity at night had increased. During 
observations on 8-31-82, 9-3-82, 9-9-82, and 9-17-82, a total of 87 
observations of moth foraging were made. Peak adult activity 
occurred on 8-31-1982 with 46 observations between 8:10 and 9:47 pm.
VBC moths collected from cages on 9-28-82, 10-1-82, and 10-3-82 
were dissected in the laboratory. Of the 84 total VBC adults 
collected and dissected, 45 were from weedy cages and 39 were from 
weed-free cages. The mean number of eggs found in VBC moths from 
weedy cages was 107.5 eggs/female. The mean number of eggs in moths 
caught in weed-free cages was 27.2 eggs/female. These means are 
significantly different at the alpha=0.01 level (Table 3). The 
highest number of eggs found in the ovaries of an individual in the 
weedy cages was 335 and from the weed-free cages 274.
The differences in mean spermatophore level between moths in 
weedy and weed-free cages was 2.96/female and 0.90/female, 
respectively. These values are significantly different at the 
alpha=0.01 level (Table 3). The maximum number of spermatophores 
observed in VBC moths from weedy cages was 8/female. Seven 
spermatophores were present in 2 other females from this treatment. 
The maximum number of spermatophores in VBC moths from weed-free 
cages was 3/female.
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Table 3. Reproductive response of VBC and SBL moths to weed-free 
and weedy soybean in field cages.
Number of „ , Mean
females Mean— eggs
spermatophores ^ .
Date Species—  Treatment collected per female per female
9-28-82 VBC Weed-free 10 30.0 0.70
VBC Weedy 10 124.3 2.70
10-1-82 VBC Weed-free 5 89.4 1.40
VBC Weedy 3 110.7 2.70
10-3-82 VBC Weed-free 24 13.0 0.88
VBC Weedy 32 101.9 3.06
Total VBC Weed-free 39 27.2 0.90
VBC Weedy 45 107.2** 2.96**
10-8-82 SBL Weed-free 22 54.6 0.27
SBL Weedy 10 182.9** 0.90*
10-12-82 SBL Weed-free 13 121.2 0.15
SBL Weedy 7 211.4 0.14
10-16-82 SBL Weed-free 16 102.8 0.06
SBL Weedy 12 118.9 0.25
Total SBL Weed-free 51 86.7 0.18
SBL Weedy 29 163.3 0.45
—  VBC results were analyzed as totals since no treatment by date 
interaction occurred. SBL results were analyzed by date since 
treatment by date interactions did occur.
2 /
—  Means with symbols '*' and '**' indicate significant difference 
at alpha=0.01 and alpha=0.001, respectively.
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The differences in egg and spermatophore numbers for SBL adults 
collected from the weedy and weed-free cages were not as great as 
differences observed with VBC adults. SBL moths were captured on 
10-8-82, 10-12-82, and 10-16-82 and by this time, moths had been 
subjected to cool nights. In addition the number of blooms 
available to moths had diminished. The mean number of eggs present 
in ovaries of individuals collected from weedy cages was 163.3 
eggs/female. The mean number from individuals collected from 
weed-free cages was 86.7 eggs/female. Analysis indicated that there 
was a treatment date interaction and, therefore, analysis was 
conducted on treatment means by date (Table 3).
Mean eggs per female viewed from Table 3 indicated the change 
in treatment effect through time. On 10-8-82 the difference in egg 
numbers between moths from weedy and weed-free cages was 
approximately 3-fold with values of 54.6 eggs/female and 182.9 
eggs/female for weed-free and weedy treatments, respectively. On 
10-12-82 the difference in egg number from the 2 treatments was 
2-fold. Treatment differences from SBL moths collected on the 
second date were quite different with values of 121.2 and 211.4 for 
weed-free and weedy treatments, respectively. Yet, variability was 
too great for differences to separate at the alpha=0.05 level. On
10-16-82 there was no difference in egg number due to treatment. 
Therefore, egg means of only the first date were significantly 
different for SBL.
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Discussion and Conclusions
Greenhouse studies in 1981 measured the reproductive response 
of SBL adults to different plants upon which moths would likely 
forage in Louisiana soybean. Results demonstrated the positive 
influence that cotton plants have on egg production of SBL moths. 
These results are similar to those of Jensen et al. (1974) and 
Lukefahr and Rhyne (1960) where moths responded with increased egg 
production when exposed to cotton nectar.
The fact that nonblooming soybean resulted in values which were 
in the range of those from blooming soybean and blooming morning 
glory, makes one suspect that little benefit was derived from these 
nectar sources in this experiment. Yet, cotton stood out as the 
best source and did provide considerable nectar to the moths. It 
is likely that cotton plays a far bigger role in determining SBL egg 
production in areas where cotton fields are readily accessible to 
foraging SBL moths than does small weed populations. The marginal 
level of nectar provided under the experimental conditions used, may 
by largely responsible for the failure of the weeds and soybean 
tests to give responses similar to cotton. Although, nectar was 
collected from numerous plants at various times during the 
experiment, hot-unshaded conditions were prevalent during afternoons 
which did tend to reduce nectar loads from plants during the day, 
and the heat caused some moth mortality.
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In 1982, VBC moths were caged in a similar greenhouse 
experiment, but only one weed species was used. Various densities 
of hemp sesbania were used in order to measure moth response to an 
increase in the available nectar. In cases where hemp sesbania was 
provided at high or medium densities, moths responded with 
significantly higher levels of egg production. Even low density of 
hemp sesbania resulted in significantly greater egg production than 
when soybean alone was provided.
Egg counts from this VBC experiment were determined from both 
eggs observed on plant foliage and eggs seen in ovaries after 
dissection in the laboratory. Experimental moths were collected and 
brought into the laboratory after 5 days under treatment conditions.
This method seemed to give more consistent results than the method 
used in the previous experiment in which eggs were counted on the 
plants and moths remained under experimental conditions until death. 
When left in the greenhouse for extended periods, and if conditions 
are not ideal for oviposition, moths may resorb eggs as was found to 
occur when females were unmated (Engelmann 1970). In contrast, 
moths that were left in experimental conditions for 5 days were 
exposed long enough to treatment conditions to show a response, yet, 
not so long that resorption of eggs occurred.
Results from large field cages support the evidence that moth 
reproduction is influenced by weeds. The results of egg production 
by VBC when in weedy soybean was approximately 4-fold greater than 
when moths were in weed-free conditions. Numbers of spermatophores 
for VBC were also significantly greater in weedy than in weed-free
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cages. In large cages the moths were in conditions similar in 
microhabitat to natural field conditions. There was ample space 
within the cage to forage, several species of weeds blooming at most 
times (in the weedy treatment cages), and densely-populated areas of 
plants within the habitat for moths to escape unfavorable climatic 
conditions.
SBL moths responded positively to the presence of weeds, but 
the degree of response was less than in VBC. Overall egg production 
was almost twice as great in moths from weedy cages, but cool 
weather in early October caused a sudden decline in treatment 
response, particularly for the last block. Therefore, analysis was 
conducted by date and only the first period on 10-8-82 had 
significantly different levels of egg production due to treatment. 
Nevertheless, the presence of weeds in soybean resulted in a highly 
significant response by moths in block 1. Cool weather and 
senescent flowers resulted in poor conditions for moth foraging 
behavior and suggests that a moth strategy, either from genetic 
inheritance or environmental cues, would dictate earlier foraging 
for sucessful nectar accruement.
In conclusion, these experiments provided evidence supporting 
the idea that certain weed species have ample nectar to 
significantly increase pest numbers. When nectar from weeds is 
abundant and SBL and VBC moths are present, severity of pest 
population outbreaks could be influenced. There are benefits from 
plant diversification (see Chapter 2), and increased predator 
numbers are associated with this diversification. However, by late
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August when SBL and VBC populations are increasing, a possible 
management practice for decreasing moth reproductive potential would 
be the elimination of some or all blooming weeds. This practice 
would have some negative effects on beneficial arthropods also, yet 
could cut reproductive potential of insect pests species 
considerably.
The ultimate effect of nectar source removal on insect 
populations in soybean would depend on the relationships between the 
insect and weed species present. For example, ergot of Dallis grass 
serves as an abundant carbohydrate source for foraging VBC and SBL 
adults. No literature or field observations indicated these sugar 
sources to be important for predator or parasite food sources. 
Elimination of these sources by clipping field margins could reduce 
reproductive production by VBC and SBL. However, if some weed was 
an important source of nourishment for an effective parasite of pest 
larvae, then removal of the weed may increase pest problem.
A major benefit of weeds in cropping systems is the alternate 
insect host that weeds provide for beneficial insects. These hosts 
are important food sources of beneficials arthropods early in crop 
development when few crop pests are present to maintain beneficial 
populations. By August and September, weeds may not serve the same 
benefit of providing alternate host for beneficials because crop 
pests are often sufficiently abundant to maintain many beneficial 
arthropods. Thus, a reduction in abundance of certain carbohydrate 
sources such as hemp sesbania, morningglory, and ergot infected 
Dallas grass would likely have greater impact on the reduction of 
VBC and SBL pests, than it would on beneficial arthropods.
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